Interactions of Separate Types of Cells During Normal and Neoplastic Mammary Gland Growth  by Slemmer, Glenn
HUMAN BRF:ASTS 
dendritic melanucvtet>, mosth on the upper surface 
and preferentially, hut not alwav,, bet ween I he 
basal cells. These are smaller than the melanocytE's 
in the galactuphores. Re~ardless of a~e and the 
intensity of pigment alum m the nipple and areola. 
the sebaceous glands of all women. but not of men 
and children. contain melonocvtes. Perkins ar.d 
Miller {11 ]. who studied sebaceous ~lands in ntp-
ples. failed to mention anv melonocvte~ . The nests 
of large sebaceous glands in the areola somet1mes 
also harhor melanotic melanocytes. 
One oft he remarkable rindmgs in our !it udies is 
the absence of apocrine glands except in the 
periphery or the Areola (Fig. 71. The So-called 
"apocrine" glands reported by other authors are 
actually lactiferous sinuses. which differ structur-
a lly from true apocrine glands. 
The abundant smooth muscle in the nipple and 
the areola is so disposed that coni raction redut·es 
the surface ot tht> nreola and t·auses it to wrinkle 
and the nipple tu raise . l\lo!il musde fibers seem to 
com-erge toward the nipple; radia!l'li and circularl:-
dlsposed one~. however. are intertwined . The1r 
orientation can be traced more eas1h in the breasts 
of children. where the mu!>cles are smaller and 
stacked in more orderh lavers. 
Regardle,s of age_ the connective tissue of nip-
ples is abundanth ~upplied with elasti<' fibers. hut 
the amount~ \ary in individuah- and fiber:> can be 
coarse or fine. T1ssue~ I rom children are instructi\ e 
for tracing the nrientatwn ut fibers which. m 
adult~. are usuall~ so plentiful that they appeor 
solidly matted . :-.iotwithstanding quantitatiw in-
dividual differences. elastic fihers are arranged 111 
definite patterns. which in the nipple and aren!a 
suggcsttht'ir lunctumal significance. They are most 
abundant under the epidermis at the t1p of the 
nipple. where many bundle~ sprav out into ex-
tremely delicate tibers which advance to the basal 
epidermal layer and term mate in the vicinity or the 
basal cells (Fig. RJ Sometime~ 1he terminal fihers 
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FIG. 7: Acetvlrholine~terase ner\e~ loosel' wound 
around the coils of an apucrme gland at the periphen uf 
the are<•! a of a :10 vear-old wnman The den&e aggregat ton 
of nerve~ surroundin~t a ~e~tmelll of an eccrine~'' eat gland 
can be ~een at the top of the figur('. t:VIag apprc1x. 10 J 
FIG. h· Ela-.ti( fibers under the epidermi" at the Lip ot 
the n1pple uta :1-l·\etlr -old woman 1 :\lag_ approx . 300 I 
a re so numerous that the.\ almost fill the connec-
tive t hsue het ween the ep1dermal ridge". With 
~orne individual and reg10nal exceptiom. elastic 
fiber~ are coarser and more numerous in mature 
women. The epidcrmi~ at the "ide~ of the nipple 
recel\ e~ fewer fibers. and that under the areola 
fewer still. In the mamma proper. nrc a des of elastic 
Jibers give niT perpendicular fibers which ri~e up to 
the epidermis in penicillate patterns. Large breasts 
have fewer fibers 1 han smAll one~. 
Galacwphores and latt iferous ducts are sur-
rounded by coar~e. parallel elastic fibers. none ,,f 
which are 11rranj!ed honzontall) The I act iferou~ 
smuse;.. ha,·e a ~olid wall or elastic tissue around 
I hem ! F'i~t 91 In contrast. the breasts of children. 
whidt al!.<l ahnund in elastir tis~:>ue" · have prat·ti -
call\ n<me amund the sinuses All ~mooth muscle 
fiber:> are surrounded ll\ an ela~t il' fihrou::. ... keleton 
which anchors them tn the t>Urroundmg tigsue 
The work uf those "ho ha,·e mvest1gat ed nen es 
in nipples [1:! I has been only modest I~· -.uctesstuL 
Our technique h>r ucet~·lcholinestera<>e p:n how-
e,·er. brin~ts llllo prom inenre nearlv all nen-es. This 
technique and that of \\' inkelmann [Ill show all 
neurnl C'lement~ l'llnt·entrated at the base ot the 
nipple and proceeding forward to the tip along the 
milk ducts. There are few nen e;.. at the side:. of the 
nipple and practicully none in the a reola except 
some around the ~ahwtophores in Montgomery 
tubercles. At the tip nf the nipple around the 
dilatAiion!i of the galAC'tophore~ and in the dermis 
underneath the deepl\ stulptu red epidermis are 
large and small nen e end-nrgans which resemble 
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FIG. 9 A lortifl.'mu~ ,iou~ surruundl.'d hv a thlt·k 
ela~tiC' tJ:.sUI.' wall from a :t\. \'ear-uld wnmiio. (\lal! 
approx 1:\0 I 
riG. 10: A superlkiul nen 1: end nr~nn in 1 he clerrni::. 
between twn ep1dermnl nd~e, at the tip nl the nipple nf 
an 18-,ear-uld j!lrl Tht• urruw" mdu·Bte intraepidermal 
nenes. Fru7!'n ~l'<'llun 1reated wnh uur mudilicatirm ol 
the an!!\ lchnhne~tt•nN•Ierhnt4UI' I \lal! upprox !!ill I 
Winkelmann's [L4) mammalian end-organs (Fig. 
10) but not Mei;;sner corpuscles. as some authors 
have stated [5. 6. ~).These are :;ometimes single. 
finger like bleb!:-, snmet1mes variably complex. 
dendritic. or amorphous strul·tures (fig. 101. With 
silver impregnat wn techniques. these structures 
appear as nonencapsulatcd whorls of nen e fibers . 
The milk ducb are enctrded thruugh their length. 
from the milk sinuses to 1he ,urlace !Fig. ll), by 
looselv wrapped. o.;mall and large nerve fibers. 
which hangsolom.eh that the\ become redundant. 
often formmg whorl::. and pattern::. ''hich resemble 
some of the mam "enrl ·organs" de,cribed in the 
literature Only some of the lactiferous sinuses 
have a profusicm of nerves around them: many 
have onlv a few and somc ha'e none. The lobular 
dul·ts uo.;ually have no demunstrable ner\es a round 
them. and tht· glandular tissue. except that near 
the nH~Jor durt ~v~tcm pan rcularly when inside or 
near the nipple. is usuall~ free of them . We have 
often found small amounts of mammar~ ti£sue 
inside the nipple. as in rhe;.;us monkey::.. which 
alway~ rerel\cs a ft>w nenes. The disposition of 
nen e::. around the other {'Uianeous appendages is 
similar to that m the skm ebe\\here in the bodv. 
The usuall~ tim 'ellul'> hair follicles are equipp~d 
with rPlat ivcl\ lar~c end-organs. particularly at the 
periphcr~ ul the areola. The ;.mooth muscle fibers 
in the n1pple and arc~nla are encircled by ner,·e::.. 
The supcrf1l'ial vascularit\ olthe brea .. ts reflects 
the t•omplexit\ of the epidermal undersurfat•e. 
Deep capillar~ loops and arcade;. l->Uppl~ the under-
side of the epiderrnrs at the tip of the nipple; 
,-es!>els hecomt• progres~i' ely shallower and spar~er 
on the side~ of the nipple. the areola. and the 
periarenlar surfat·c·. The lac:t ifcrous ducts are all 
invested by a lattice uf arterioles and capillar ies. 
and the epithet nun of the hwtifernu;. sin use~> is 
actually molded around a c·om pl('x net work of 
cap illarie::.. Scbateous glands and apocrme glands 
ha,-e a ~oud l'etmplt>rnent of ves,els around them 
IR). 
rrG. II Chohnc"t er11sc rem·t in~ nen e tiber~ around 
twu gnl.lttnplwres of a 12 \t'llr-old hu\ !M ag a pprox. 
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F1c:. I :l : Ela~til· I iber::. in 1 he 1 ip nf 1 he nipple in a 
79 ·yt>ar-old w<~man . C'ompare with Fi~ure 8. !~lag . ::p 
prm •. 1CXJ l 
AGING CIIAM;E:-; 
In split -skin preparations. 1 he unden;itle of the 
epiderm is of the en tire breast ~teadi ly flatten::. with 
aging. Many wrmkles de,·elop and a re charat'ler-
ized by large geometric pattern!. out lined b~· the 
total linear llallening of 1 he epidermis. The galur-
tophores a re nearly always full of ('ornitied cells 
and are much smaller than in ycmnger people. 
Rel{ardles;; of age or the intensity of pigmenta-
tion of the nippl e and areola . the galactnphnrcs 
and !'.ebaceous glands ol women nf all ages contain 
active melanncvtes. M usele hunclles in the breasts 
of older women. a re smaller. frayed, and apparently 
degenerating. and the superricinl elast ic fibers are 
coarse and disorganized and undergoing elastnt ir 
changes similar to thuse that oc('ur in exposed 
areas of the skin [15 J (Fig. 12). The fibers a round 
the lactiferous ducts, int'iuding those of Monq~um ­
ery glands. become coarser and malt ed together in 
such a way as to lo;;e their indi\'iduality. Lattifer-
ous ,.;inu~es ha\·e a solid wall of elastic tissue 
a round them . In the breast:-. ul older wonwn. the 
elru.tic fibe r framework a round the !'raved muscle 
bands is sparse and headed. AlthouJ!h fewer thPn 
in younger "uhjects, the nen es , except thn!.e of 
smooth rnusde fibers. remain relati\'ely unaf'f!:'cted 
by age. There is a ~trikinJ! decrement of superficia l 
and deep blood \'ess!:'ls in 1 he breasts of old women . 
COMMENTs 
Some of the anatomit details we have described 
aj!ree with the phy~iologic data a\ailable lor the 
nipple and a reola. hut others remain to he \'erified . 
The ou tstanding characteristic of the nipples 
a nd areolae is that the~ are always more hem·ily 
pigmented than the surrounding skin. Pigmenta-
l ion i!> intensified during prel{nancy and !act at ion 
and returns close to its former color when the 
brea,.;ts are again quie;.ccnt; whether it has any 
functional or sur\'iva l s ignificance is hard to deter-
mine. We conclude that nipples and a reolae are 
,-isual sexual relea!>ers and that their coloration is 
an epigamic marking. 
We have not been able lo interpret the function 
of melanocytes in galactophore~ and sehaceou~ 
glands. Other authors 15 I make on I.\· passing refer-
ence to them and only in the galactophores. 
Although they are almost ubiquitous in huma n 
I issues, their biologic signifirllnce. other than at 
the surface. escapes us . Deep in the I issues of the 
skin , melanin can hardlv be u!>eful in a bsorbing 
ultraviolet light: t herefur~. rnelanncytes m ay have 
some still unknown function . 
:--In nne hel(lre us [:ll has descnbed with any 
U(' ('Urac:- the <lnatnmy of the duct s~stem ol human 
mammary g-lands. We have shown tha t a number 
of tht• lal'tiferou!'; dud>< proper open in to the 
infundibulum of a galactophore (Fig . . 'i). How there 
could he an\' conlu;,ion about the identi t\' of 
Montgomery tubercule;, i!> hard to fathom. Let us 
hope that suC'h <'onfu~ion no IPnger exists. 
'T'he great diversity of nerve end-organs and 
richness of nerve :-.upply in the nipple found by 
Cathcart et al 151. Keiffer 116 ). and Miller a nd 
Kasahara 161 are rrobably artifacts. ln our prepa-
ration,. numcrou!:> nerves a re arranged very loosely 
around ducts and musde fibers. Since most histo-
logic section;,. even frozen ones. shrin k. one won-
ders whether the variety of end-organs described by 
other authors are not reallv a rtifacts c reated bv the 
doubl111!! up and bunching o f ner\'e fiber::. whe~ the 
supporting t issues diminish in size. We found no 
really organized end -organs. The few recognizable 
ones in our preparations were found only a t the tip 
of the nipple: there were none on it~ sides a nd none 
in the areola . Thus. one would surm i~c that the 
onlv area of high sen si t i\'ity would bet he tip of the 
nipple and perhaps the tubercles of Muntgomerv. 
~o one. howe\ er. seems to have tested the:;e areas 
specificalh . Sherringtnn [1 ]. \\'ood-.Junes and 
Turner [21, and Belonschkin [ 171 found the nipples 
and a reolae relative!\ in;,ensiti\'e to warmth, cold , 
pain. and pressure · sen~ iti\ it~ . T o avoid these 
in;;ensitive areas. \\'einstein [lR, 19ltested poin t 
localization. two-point l>ensit i\'ity. and pressure 
away from the nipple and areola. and recorded 
relati,·ely low sensitivity compared with rha t in 
most 01 her bodv areas. 
The great quantities of nervE'S around the gala'·· 
tophores and lactiferous duct~. which to our knowl-
edge are relati,·ely passi,·c conduits of milk. mu!.t 
be interpreted in terms of the physiology of lacta-
tion . There is no evidence of any motor neura l 
mediation in the mechanism ol mammary secre-
t ion: we found some nerves in those lobules 'lf 
mammary tissue nearest the major duct systems 
but none in the others. The sensory impulses from 
the nipple produc!:'d by suckling may play some 
part in initiating hormonal relea::.e [20 J; these 
ner\'es could suhserve the sensory side of a n arc. 
the motor >.ide of which is hor~onal. In huma n 
beings and in other mammals, the complex of 
hormone balance requ ired for initiating and main-
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tainin~ lactation is acquired mostly bv the phvsical 
stimulu~ of sucklin~t pre~umablv relayed by wav of 
the hypothalamus [21[. 
In an exhaustive re,1ew on the physiology ,)f 
mammary ~lands. Linzell [1:21 concludes that milk 
secretion must he ~timulated by afferent stimuli 
from the glands themselves. Among the number of 
experiments that apparently substantiate this con-
clusion 1s one in which some nf the gland~ of a rat 
were denervated and others were left intact. \\'hen 
you ng were allowed to suckle only the denen atE:d 
glands. no milk was secreted: when the innervated 
glands of the same animals were suckled. all glands 
produced milk, including the denervated ones. 
Smooth muscles 111 breasts contract readily in 
response to cold , tactile. and psychic stimulation. 
making the nipple more prominent and the areola 
puckered. In such responses they show adaptation 
to the two major biologic: functions of these s truc-
tures: mak10!{ milk available to mfants and serving 
as visual and tactile sex releasers. 
The nipples of children. and of young or old men 
and women. are essentially similar. Other than the 
melanocytes in the sebaceous glands and mi!k 
ducts. which are present in those of women, 
nipples differ on ly quantitatively. 
We have shown that the tubercle~ of Montgom-
ery. long gubjects of anatomic controversy. are 
integn'll parts of the mammary apparatus. The 
structure of the ducts in them and of the paren-
chyma of the gland is sim1lar m e\·ery respect to 
that of the glands that emerge at the nipples. 
These are neither smaller nor accessory glandg, but 
are a part ot the total breast tissue. They are 
usually functional during lactation when milk can 
be expressed from them. 
Our search for apocrine ~lands in the nipple 111 
many specimens has yielded negatl\ e results. The 
"glands" previously identified b~· other authors as 
apocrine are actually the tortuous lactiferous si-
nuses. W e find apocrine glands onlv at the periph-
ery of the areolae. 
-We have ascertained that the areola is free of 
hair follicles. Only one was found in the middle of a 
sebaceou:o. follicle: the hair it produced was about :i 
ll in diameter. The peripher~ of the areola. how-
ever. is always ringed by hair follicles. large or 
small depending on the mdividual. Age-induced 
changes in nipples and areolae are slow and 
variable. 'They occur on the underside of the 
epidermis of the nipple and areo la. which becomes 
progressively flattened out and loses most of itg 
characteristic pattern. Some of the lactiferous 
ducts and their sinuses atrophy outnght. others 
remain relatively intact even in old subjects. Many 
sebaceous glands diminish in s ize. and the tuber-
cles of Mont~omery are often hareh visible in the 
areolae of older women. Remarkable alterations 
occur in the elastic fiber tissues of the dermts, 
where they appear to gel into amorphous masses. 
and around the lactiferous ducts and sinuses, 
where they form a solid, malted wall. Some of the 
smooth muscle fibers become fragmented and lose 
the orderly parallel relationshtp with elastic fibers 
seen in younger subjects. The nerve~ around the 
lactiferous ducts and sinuses remain surprising ly 
intact. hut the nerve end-organs around the orifices 
of these ducts at the tip of the nipple gener ally 
disappear in old ~ubjects. These observations ex-
plain anatomically why the mammary system of 
nulliparous older subjects and old women become 
active after estrogen therapy. 
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THE MAMMARY GLA:--JDS OF RHESUS MONKEYS .. 
EL!ZAHETH E. MAC'PHERSO!'< Al\ll \VILLLA:'vl MO);TAG!'\A, Pu.D. 
ABSTRAC'T 
The difference:; between the mammarv glands ot rhesus monkevs and hum11n breasts are 
most!~ in their gro::.s Mruclure: otherwise. their glandular mechanisms and innervation are 
nearlv identical. 
Several year~ ago Schultz [l J !;tudied in detail 
the development of the mammary gland~:> of rhesus 
monkey!;, and yt>t today we know very little about 
the anatomv or innervation of these gland:; in adult 
primate!'. We show here thnt the general architec-
ture and innervation ot the glands and their ducts 
are similar to those in human breasts [21. 
MATERIALS A:-oD METIIODS 
Mammary gland~ ('()llt>cted Jrum adult female rhe,us 
monke\'s were fixed Ill en her Hollande Bouin, Jtl~", buf-
fered neutral formalin! R:\Pl or 25"i OM '0 in lO"i BNF. 
and prncessed for rnuune histology. Other,; were :,.plit in 2 
l'\NaBr. fixed in wr; BNF. dehvdrated, renclered opaque. 
and mounted underside up . Still others were ~ectinnPd 
unfixed 111 a crvostat and treated for acetylcholinestcra:..e 
and but~·rdcholinC!>lera~e r:q and lilr ela~tir fihers r:n 
OBSER\ATIONS 
Rhesus monkeys, like all ot ht>r cercopithecoid 
primates. ha\e one pair of pectoral mammary 
glands. The glandular mass in the ~ubcutaneou;, 
fat is diffusely spread out over the fascia of the 
pectoral muscles. like that of rodents. inse(·ti\'ore:,., 
carnivores. and other mammals with more than 
two mammary glands. The gland~ are harelv 
apparent and palpnblt> onlv in adult females and 
show little ob\'ious increase in ,.,izt> C\en in lactat-
ing females. The !'mall whitt' or ,.,lightlv pink 
nipples of quiesct>nt glands 19 1 ~ 111m Ion)! and ;:; 6 
mm at the ba.o,;e) become larger and pink or rl'd 
during lacta!tOn: in old females, the\' are some-
times tlar<'id and pendulou,;. The base is sur-
rounded hy a pale areola with a :;par,;e populatum 
of hair,; and turns pmk or red during lat'tation. The 
skm around the arcola. which i~. for the most part. 
indistinct from skin ebewhere. is al:..n covered wnh 
sparse short hairs. An a\·erage of;", 7 galartuphores 
emerge at the tip of the nipple. a::. in all other 
mammals we have !<tudtcd. 
The nipple is generall) wrinkled and co\'ered by 
n l hick epidermis wtt h a cancellated undersurface 
Puhltcatton ~<> . il~ ol the Oregon Hegumal Primate 
Research Center supported 111 part hv Puhlir Health 
Serviee. :-.:at ion a! Institutes ol Health Grant~ HR !J016:l"f 
the Animal Rehource~ Branch, Dl\ ision ot Re~can·h 
Rc.;ources and AJ\.1 084.J5 of the );at iunal Lntilltute nf 
Arthriti~. Metabolis m and Digesti\'C Diseu~es. 
• From the Department of Cutanenu~ Binlo~v. Ore~:nn 
Regional Pnmate ResParch C'emer. Reavenon . Oregon 
97005. 
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(Pig. 1 J which rt>Oects or reproduces the wrinkles 
on the nutt>r surface. 
Scattered between the galactophores are some-
what longil udinally oriented bands of smooth mus-
cle fibers which sometimes extend a short distant'e 
laterally under the areola !Pig. ~l. The thick-
walled ducts descend toward the base of the nipple 
where they abruptlv dilate into mildly tortuous, 
Ftc. J· L'ndersurface of the epidermis of the nipple . 
Split -skin tet·hnique ( . 7) . 
t h in-wnlled !act iferous sinu::.es: these. in l urn are 
fed hy do:~cns ol small dul'ls from the su rround in~ 
glandulnr tissue. Every nipple contain,. variable 
amounts ol glandular tissue opening directly into 
the galactophore:-. !Fig. :!). Small and la rge seha-
ceow; glands at the tip of the nipple open to the 
surface near the orifice~ of the galactnphores. 
Fro<!:cn sections treated for the demonstration of 
acetvl - or butvrylt'holinesterase s how numerous 
nerves in the nipples which ha\·e a greater affinity 
for but~ rylcholincs terase [4[. Choline5tera~e-reac ­
tive structures resembling nen·e end-organs can be 
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FIG 2 :O.Inmmnrv tis~U(' inside• mppll' (arrnwl. Thl' 
galartnphorl' in the renter I» surrounded h' numeruu" 
butyr\'khnlint-,tl'rU,..e·renrt ivc• nrrws. Thr large blut·k 
budie" paralll'ltu rhe ~alactuphon• nnd nE'n·Ps ArE' smnnrh 
mu~cle fiber- . Frnzrn "err inn lrE'Ulo·d wirh thr rhnlinl.'s · 
terase tet·hniquE' of Roman er al I:\ I. I· 31111 . 
Fac;. :J: The mamman tis ... ul' shuwn hue is lrnm rhP 
base of the nipple; thai on the ldt i mhl~· -upplil'd \\llh 
butvrvlrholim•,l!•rusl' -rt>artivl' nt>nb, hut that nn thl' 
right has nn nenl'' Fmzen 'e(tann treuted wllh thE' 
cholinestern•c• terhnique ul Homun 1'1 ul 1:11. I • :llot. 
seen only alnnJ.! 1 ht• dilatt:d oriftn•:-of~:alactnphore:­
at the tip ol t ht• nippll' [:! [. :-;unw rem·t iH•. free 
intraepidl'rmal m•n e" l'lln ab.o he "ren on I~· at the 
tip of the nipplr: t·xt·rpt for .. orne nen·e:- to tht• 
spar:-el\ clistrihuted small hair follide-. on the 
areola. I ht'rr e~re no ot hE'r 'is ihl<· nen E':--. The 
galat•tophurl's nncl somt• of 1 ht• ln<'t ilf'T0\1'- .. muse .... 
on thl' otht'r hand. an• t•omplett'l\' surroundt>cl hy 
luoseh roill'd. rholine!ooterust•· rt'art i\'f• m·rve ... ; 
nerves art• ulso present in tht• mummnr\' ti,.,..uc• 
inside the nipple IFi!!. :!a and nl'nr the lmse ol tlw 
nipple 1 FiJ,! . :u '\t>rH•.., an• IHt•,.t•nt in tlw mnm-
mar\ t tssuc onlv tf the dur tu It·~ that drain t ht· ann i 
have m•rvrs nrnund th~m: I hu,.. nwmmur~ t is511l' 
!lOme d1stnm·e from thc nippiP i-. nut inncn·;nt>rl 
!Fi): .• H Sm(e tht• durtu(e,., that are inner>atE'd 
drain du:--tcr, ut inm·n,atNI aln"<ali and \"ir(· \('r:-a. 
wr prnt>Ose that the innt•n·atl'CI mamm::tr\ ti,:--ut• 
nl.'ar thl' nipple and arcnla hr l'::tllecl " primar.\'.'' 
i.e .. cle\eloping hl'fnrc pregmllll'Y· and that the 
noninner\'ated tis,.,ut• whirh proliferates alter prl.'g-· 
nancy when the gland:. t·xpand he callt>d ",_E'c'ond-
ary." 
'\otwithstanding wnss anatomic dillerence:-- in 
the mamman glands of \'arious animal,..-e.g., 
ungulates. carnivores, and mnn-t ht>tr ha;.tc struc-
tural fea turE's and the method of !-.ecrettng and 
nrrumulatinJ.! milk mu~t ht> "imili!r [;il When 
human and rhe"us J!lnnds arc rnmpared 12[. thetr 
arrhllertural stmtlarlltt·~ nrr more 1'\tdent than 
t ht>ir d ift ert·m·es. To lw sur<·. the glandular tissue uf 
human brcush. which j, rnntuinE'd entin•h• \\ithin 
the ht>misph!:'rb nl pN·tontl I at ty emincnre,.,. 1:--
dilft•n•nt f(•m thnt ul rht'"'"" J,!lnnrl!oo, whtch expand" 
tn nenrl\' all dlrt'l' l inn,.-m cr thE.' pt>l'lnral and 
ubdnrninal rnusde,.. nnd t·,·en lot he ... tclE',. and back. 
as tn rodent:-. l'llrnl\·on'!". !"Wim•. and others. This 
seems to he the unl\' signtfit-ant difference between 
human and rhe-.u, murnmarv gland,., , A minor 
ditference is that till' human art•ola i~ glahrou;. and 
ha .... t uhcrde:-- nl :\lnntgnrnen. In both human and 
rhc~u,.. gland,., , nNn• endml{,. are fi1und onl\' at the 
tip nt' thE.' nipplt•. anti nen·e,. a hound only a round 
the J!Ulartophnrl'!oo, soml! htl'lilerous sinuse". and 
some clurtull',., fltt•,..t• an· prubabh !oo<'ll~llr\ nl!n·es 
whid1 dunng ;.uC"kltn~;:. t•on\ ev tmpulse, tn the 
hvpot hnlnmu" to inst rul't the ptt utl ar~ 111 release 
LH [2.1-i] '\ont• ol the nt'rves assu('lated Wtth 
mamm<Jn ttssue arc likrl\' to be E'flertor-. sml' e 
most of the re:-t nt thl' tissue uppenr, to he 
notHtliH'n'att'd . Tht pn•scnr<· ur ab,em·e of ncn rs 
nwv n•llerl the de\'l'lnpn emul hbtury oil he tmtrn· 
mar\ lt:--sue ll!" in human breast til'sue. 
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ELECTRON MICROSC'OPlC STUDY OF FUNCTIONAL AND DYSFUNC'TIONAL 
Hl'MAi': MAMMARY GLA~DS' 
Ll CIA:-..0 OZZELLO. ~t . U. 
The paut'ity ofor$:anelle~ m the ultra,trurture ol the norrnnl re;.ting mamm11~ epithelium 
indicate:- that ;,el·reton actl\lty '"carried out only lCI a limited extrnt A hand of avascula r 
stroma ,urrouncb the duct;. and ductule;, and '" "eparat('d fmm the va,.,culari1rd stroma by 
"delimiting fibroblash. There is reason w believe that I he struc·t ure-. lying bet ween the 
epi thelium and the delimttml{ librobla!>l,., constitute a mnrphophysiologtc unit (ep athe lial-
stromal junction. ESJI which mediates the transport of materials to and from the 
epithelium Th<' ultra~trurturul and chemical disruption ol th1~ ES.J is ltkc lv to a fTe<·t the 
l'\nlutinn of clvsplastic lesion-. . Ov:.plastt<' epithelium rna~ appear Htroph tc and h\perpl a~-.uc 
nr rna\ re~-.em hie 1 he ultra;;t ruct ure of aponm<' epith<'ltum H~ perplu-.1 k eptthelium show;, 
prom inC'nt organelle!> whtdl an ,.,e,ere h~ perpla-.tas re•wm hll· 1 h(• ult ra,l ruct urul features of 
l'U rtinnma 1'clh. and -.upp(lrt the hypothe;;is that some hyperpla-.in, lcucl w neopla!>ltc 
trunslimnation. definite proo!. howe,er. i-.lackmg Baslt'alh the ultrastructure of all t vpe:-. 
of mamman 1·arnnoma cell, 1, charal'tenzecl h\ Jll'tllllin<'nt nrl(anelle~. the frequent 
variat inlb from rell ltlt:l'll -.UJ!J:C':-1 various J'um·t ional -.ttltl•, of the m·op]a,.,tlc relt... Th1s baste 
ultnhtrut:turt• i-. rl'lainecl hv n1rrinoma n'll" c·ultured 111 \ttro e\'en aftt•r heH·rutransplanta-
tum Ill nude athymic min·. The ha~allaminae ul mtruepttheltal mammar\ carnnoma-. have 
gaps t hrou).(h which neopla-..t il- relb "ometlll1<'S protrude tntu I hl' -.t rnnHI and l(h e rise to foci 
of beginning inva,.1on. Tlu· srnallc,;t ol these foct are d('tN·tahlr onl\ wtth the electron 
micro,.t·oJH'. 
In rf!rent vt•nrs. innl:'asing nwnrenC's,.. ot t ht' 
enormous pruhlrm ol mamman l'!lnc·er has led to 
rcn ewt>d tnterc•st in thC' "tudv nlth c· human breast 
Withlll the frnm<'work ol thl'!-.E' 111\esllgations. 
electron mtc·r•N·np\ hn,. been u-.ed mainh bv 
pat hologtsts ,eektng a better mnrphologtl' undt'r-
stanclan ~-: of mammun ph:\'siopntholog\ and h\ 
virolot.:ists endeU\orint.: to \C rih the -.u~->pected 'trnl 
ct iologv of ('Urc tnonuls of the human breast. 
The morphol o~:u !1!-.fll'l'ts ol these studirs form 
the basi!-. ol t hh revtew with ern phusis on t wu 
problems: Ill the functional s1~rr1ifl<'ance of the 
ult ra-.trurt urnl fi nding,., nne! 121 the murphologic-
expr<'-.ston nf thl pre .. umecl earl;\· e\·olutional 
phase .. of mammurv c·urnnoma,, 
Thr t'nrrE'latiun lwtwl•l•n fin<' "t ruc·ture and huw-
tinn ts \ltal!\' tmportant hoth lor l•lucidating the 
inlri<'lll'ir ... ot normal :tncl !'h,..pl:htic· mammarv 
gland-. ancllnr lwttl'r under!'tanding the e\olut ion 
of premalti(IH\11 1 and maligmmt ]e.,ton,. of th£> 
brea:-t The -.tllcl\ o! ,urh u rorrelatinn in human 
su hJL'I"' hn\\C\'l'r. has prmNI to he parttculurlv 
chollen~:mg lor t wn prtnt'lpal reasmh Fir ... I , 11 is 
extn·nwly d ifficu lt to -.ecure -.p<'r imen-. of trul\ 
nnrnwl human mamman tl,. .. u £> quant itatt\'t•h 
and qunl it <llt\l'h adequate fur t>lel'tron mtc·ro 
st·o pH· c·xnmmnttun Sec'< rnd, 1 here i,. no sat isfur · 
ton experinwn t a l mndt•l lor IIHln\ of the para11w· 
lrrs to he itwl'sti~:ated 
· From the Dc•p;1rt nwnt n l PuthnlnJ." l ni\l:r~il\ nl 
Lousllntll' \IL·du al s,·htHJI, 1111 1 L!llbllntW S\\ rtzerland. 
I !I 
The prnhlc•m of hordc•rlml' lestnns t•hallenges 
both hiulugl!-.h and prar t ic' llll{ phv;;ictan-. The two 
most importan t groups ol these le~-.ions-those a t 
the d '' ading line het WE't'n nonneopla,t ic prolifera-
tions and llllraepitheltalrnaltgnanrie-. and tho!-te a t 
the ltmtt s hrtween tn sttu and 111\llshe car-
l'inumd-.-c·orrC'sJ)(IIld to 1 wu aspects oft he biology 
of human mnmman cancer abou t v.hich \er) little 
'" knn\\11 , nnmclv the transformat ion from normal 
to maltgnnnt mammnr~ E>ptth<'lium and the agent 
that tnggcr» the 11wn-.1\C' phase o l these tumors . 
The ohnous importuner of arquirmg precise r rite-
rt a fur recogn lzmg the,.£> ]e,tons ts under:-cured by 
the real izu tton that a ~ooalvage rate of better than 
9."l'r ran he expet'tE'd among paticnb whose rar<·t-
nomas are dtagnn!-.C'd a nd treated when they are 
still ('(In lined predomtnanth to duct~-> and ductule-.. 
'0KMAI. KFS rt'<C; (;I.A:-oll 
Several report -. ha\(! dealt w11h the ultrastruc-
ture ol human mammM\ dra·t !-. and lohule~ JUdged 
to be nurmnl with the ltght 11111 roscoJW 11 1; 1. The 
dintt'ill hal'kgmund!-t of the patient,.. hcm£>ver. as 
well as 1 he sur~-:ical inclit·atlon» lor t hE'tr hwp~-.ies or 
ma!>ll'l tomt<'"· hu,·e not been !(l\ en 111 dt'lail except 
in on!' cn~t· in v. hich n b iopsv wns pNf'ormed 
hec·au-.t· of t•nn<·t•rophobin in Hn otherwise normal 
voung \\omnn Iii 1. Othe r breasts. hiop .. ird h£>cau;,;e 
nlclinarnllv pnlpahll' mas-.e,.,. werr ultimately ron-
saclered to he normal on histologtr exammatwn [7) 
In addition. ~1me report-. IHl\ e descrthed nurmal 
mamma~· t i-.sue s;tmplNI 111 hrcasts harboring 
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hl•nign or rnalil{nnnt le-.ion ... I I ,".~' I. \\'hl'l hN man\' 
ol tlw ... l' hn.•a._t..,l'nnlw nt'l'l'pll'd n,. trulv "normal .. 
i .... tlwrelorc, clc•hatnhll' 11; J 
Tlw linin:{ of uutmrnur\ ducts .md dut·tule .... ,. 
t·ornpused ol c•tutlwliul and m\·ocpll hl'linl eel b . 
The I.' pit hl'hal <I' lis 11.3 i .~IJ tm• nrran::ecl m t•nP 
.;ingll· unintl·rrupH·d Ita\('!' fn<mg the html'n (Figs. 
1. ~1. In rhe ci<>prh. lhe,· nrt· in t•onlal' t \\ith th(• 
m\1Wpithelialu·lls or with tht•lm,.allnmina. Their 
apit·al -.urf.tn· pre-.l•nt-. on irrl'gulur number ol 
mil'r()Villi . On tlw lutl·ral ... urfnt'l'>', 1he pla,.ma 
mem hr.tne ... I m·ing narrn\\ 1 (;,o !\00 A 1 rnt en: Pilular 
span-,. nrl' mo,.l 1\ ..,, rui~:lll. "ht>n·n-. ''here the 
mtl•rl'l"llular "Jl:ll'l'' are clilatl'Cl, the~ lnrm mi-
crovlllou,., pru.JN·t tllns Th1• rom plt•x ml erciigtW 
tum., and tniPrrellulnr t'Analil'uli set•n in th£" :;weat 
glnnd ... arC' alh-ent Desmosome,. arC' irregularly 
di ... trihulecl . In udrhtum n·ll·ln·rl'll altac·hments 
reminisrt•nt nl iunl'linnal romplew,., are present 
near the lunwn. 
Tlw nudei nrl• unilorm and made up nl e\enlv 
di.;~rihutl'd t•hrurn.u in "ir h loirl\' freqm·nt nu-
rlmli. 'l'hl• l',Y fopfn,rn \Uric,., in den,.il\' lrom rellln 
cl'll und contain-. ~want\ pmfilt•, ol rou~:h endopla~· 
mil' n:til·ulum. nn inronspinwu-. C:ol~:i t•omplex. 
Ftc;. I 1\ormal rt•st in!( ~tland . lo:pit hchalrells ol diller. 
ent t~topla~mtr dt·n,th ~hm• 'PM'<' or~:anelle, .md 
luminal mirrtrvilli. Twco m\ol·pit ht·hal n·lls are inter · 
po,l•d hl't \\.l'l.'n rht• t•pir lwl iurn and tht• II\ 11'-rular ~troma 
of the r-:s.J. Part co( lhe n·tnpLt.m ot a delimilln~t 
fibrnh(a,l i:. \'isihle 111 tht• lo\\.er ll'lr t·nrner (arrmq, 
Secrel<ll'\ matenal ~~ pn.,.ent m thl' luml'n f • l.t:;m 
Ftr.. 2: Z'urrnul rc~ltiiiC 11l11nd . A: Apirnl portton of 
epttht•ltl\1 ~·<'II shnwinK regular mllochondria. scunr~· 
RER. fine lllumt"nl' in IICrtnudeur location and Ol>ml!i-
phili<' hndws. ('<'II ln·n•ll OIIMhmt•nh arl' "istble CarrO\\ J 
t " 10, I till) . B: l'tnuntnt it• nrt ivu v alonl( imercellular 
:;pa~·e f > :!H.HOfiJ, (': Pmnt·\tuttr ntti,it\ ulan eptthelial 
cell h~<·m.: tlw hn<ttl laminu Thl.' Iutter is thm and uni -
furm I ~ :!Ci.tlOOJ , 
fe\\ miwrhundnn. ancl ~~·ut tt>red free rihn .. omes In 
add11 inn. ~nme nl 1lw t·l'lb. di ... play finl' filaments 
that are rno,t I v pt•rinudl•ar or con\'er~e tnward the 
desmc....c•na• .... Or hN I me• hi aments. prp..,ent in the 
l'(lre ol 1 he apit•nl mkrm illi. rea1·h the uppermo,t 
pC>rt inn nl 1 lw l'\'tnpla-.m \\ i1 hunt lorming a dear!" 
\'i-.ibll' 1erminnl wC'h . \'urunlc,.. and chrntophiltc 
hodie, on• ••t·t•u,iunulh• ~>Cen. Pinol'_\'totic \'e:-icle::o 
can he founcl ulon~ the p(n..,rna membrane facmg 
the ha ... al lamina and the tntcrcellular -.pace,... 
parti,·ularh ''hert• till· lattl·r Hrl· dilatl'd. 
Th(.' mvoepttheliul rell,. 11 !I) are arrangl'd in a 
di.~l·ont inunus layer lwr \\l'l'll t hc l'pithelial cells 
and the ha~nl lumina t FiJ!~ . I. :lJ. Thetr basilar 
plasma mcrnhnuw pn~t ruth·' toward tht· .,troma to 
form lingt·r-ltkc projC'ct iun .... at the apex of which 
hem tdcsmosuml•s art t·om nwnly found Desmn-
somes hN\\l'l'rl rnyoepll helinl nnd eptl helial cells 
are rurr Mul'h nf tlw t•ywplnsm of the:-e cells is 
Ot'l't!ptt•d hv hundll•,., of parolll'l fme filament!i that 
form den"l wne, so nil'\\ hat like those m smooth 
mw.dt• Some of the...c• tiloment... com·erl(e toward 
the hemidt mosomes. The re,.t of thl' C\toplasm 
contains rnrl· prohll'" ol ruugh endoplasmic reticu-
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Ftr.. :J: :-.formal resting gland. Mvoepithelial cell with 
tvpical rine lilaments and dense zones. Mnochondna are 
smaller than tho~e of epithelial cells. The basilar portion 
of the c·ell is irregular with projections capped h) hemi-
desmosome.. I ~ 16.11001 
lum. ~cattered free ribosomes. and a few mitochon-
dria which are generally smaller than those of the 
epithelial cells. Golgi complexes a re seldom seen 
and are inconspi<·uous. the nuclei are mostly elon-
gated with frequent indentations. and pinocytotic 
vesicles are fewer than in epithelial cells. 
Whether a third indeterminate type of cell is 
present in addition to the typical epithelial and 
myoepithelial cells is open to question. Some cells 
have features which are common to both main 
types or which lack any distinguishing characteris-
tics. The suggestion that such cell:; represent either 
a progenitor to or an intermediate stage between 
epithelial and myoepithelial cells need!i to he 
studied !6]. 
Ducts and ductules are surrounded bv a uniform 
and uninterrupted basal lamina, -!00 BOO A. thick. 
beyond which the stroma forms a layer of collagen. 
elastic fibers. and ground >-ubstance ensheathing 
the ducts and duc-tules. This layer. 6 9 JJ thick, is 
delimited peripherally by fibroblasts whose cyto-
plasm is so thin as to be visible in most instances 
onlv with t he electron microscope !Fig. I). Such 
delimiting fib roblasts [5] seem to constitute a 
dividing line between the avascular stroma men-
tioned above and the rest of the periductal and 
intralobular stroma where the vascular channels 
a re located. Continuity between these two stromal 
compartmen ts is pro~ided through gaps between 
delimiting fibroblasts. 
Clinical and histochemical studies [10] and 
elect ron microscopic findings [1.:1.6.7] show that 
resting mammary epithelial cells are capable of 
some secretorv activitv. Some of the membrane-
bound osmiop-hilic bod-ies visible in epithelial cells 
appear to be &ecretory products which probably 
correspond to the PAS-positive granules seen with 
the light microscope. uch granules. as well as the 
"secretory" material in the ductal and ductular 
lumens. ~uggest a synthetic and secretory activity 
by these epithelial cells. Nevertheless. their small 
number, as well as the paucity of cytoplasmic 
organelles. indicate that such ac tivi ty is limited in 
the resting glands. The difficulty of obtaining 
normal human mammary tissue makes it impossi-
ble to confirm ultrastructurally the histochemical 
observations that secretOry activity is greater dur-
ing the postovulat iory phase of the ovarian cycle 
(10]. 
T he diJatation of the intercellular spaces be-
tween epithelial cells (which is probably somewhat 
exaggerated by fixation artifacts) and the pinocy-
totic activity a re indicative of fluid transport [5,6). 
Any substance leaving or entering the epithelium 
must traverse a thick layer of avascular stroma 
interposed between t he epithelial cells and the ir 
vascular supply. The structures that compose this 
intermediate layer-plasma membranes of epithe-
lial cells. intercellular spaces. basal lamina, layer 
of connective tissue fibers, ground substance, and 
delimiting fibroblasts-may constitute a fu nc-
tion a I as well as a morphologic uni t which medi-
ates the tram;fer of substances tO and from the 
epithelium [5,61. Indeed, acid mucopolysaccha-
rides. which participate in t he molecular organiza-
tion of mat rices and the regulation of tissue homeo-
stasis Ill], are an important component of this 
unit. Apparently. the stainable a mounts of these 
acid mucopolysacchar ides undergo cyclic changes 
which parallel the functional var iations of the 
mammary epithelium during the ovarian cycle 
[10!. The functional significance of this mor-
phologic unit, known as the epithelial-stromal 
junction (ES.Jl. needs to be confirmed experimen-
tally [5,61. The ES,J is probably analogous to the 
epithelial basal complex of the digestive tract, 
which. according to Kaye. Lane, and collaborators. 
represents a morphophysiologic unit in fluid t rans-
port and absorption 112]. 
No marked changes in the u ltrastructure of 
mammary epithelial cells were repor ted at 8 weeks 
[l:J] and 4 mont hs 19] of pregnancy. In a 37-week 
pregnancy, prominent epithelial cells had numer-
ous lipid droplets and small secretory granules 
which were presumed to be proteins within vacu-
oles of a hypertrophic Golgi complex. Conversely, 
the myoepithelial cells were less conspicuous than 
those of the resting gland [91. 
DYSPLASTIC ALTERATIONS 
Mammary dysplasia, by far t he most frequent 
disease of the human breast. is characterized by a 
varietv of morphologic alterations involving both 
t he glandular elements and t he stroma. Despite 
their variability, these clin icopathologic manifes-
tations may, in fact, be different expressions of the 
same disease [6]. 
The basic pathologic changes seen in epithelial 
cells include at rophy, hyperplasias. a nd apocrine 
metaplasia. Atrophic epithelial cells. typically 
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seen along the lining of cysts [6.1-t ]. appear shorter 
and less endowed with cytopla~mic organelle!; than 
normal cells. ln addition. the luminal microvilli 
a re short. ~ranty. or altogether absent <Fig. ll. 
On the other hand, t he epithelial cells of ductal 
and lobular hyperplasias (Fig. fil are characterized 
by increasingly prominent cytoplasmic organelles 
[6]. Mitochondria. some of which are oddly 
shaped. a re la rger and more numerous. Like the 
Golgi com pl exes. free ribosomes. and membrane-
bound osmiophilic bodie~. the rough endoplasmic 
reticulum is more conspicuous. perhaps because of 
increased cellular at·ti\·it~·. Glycogen granules. t'ine 
filaments. and microtubul e~ are more easily de-
tected than w;ual. Occasionally. intractyoplasmic 
lumens. part!) filled with microvilli. are seen. most 
of which presumably are 111 communication with 
the intercellular spaces or with the main lumens of 
ducts and ductules. Though varying from one tell 
to a nother in any ~iven lesion. the prominence of 
the cytoplasmic organelles parallel!; lO some extent 
the severity of the epi thelial hyperpla~ia and in the 
severest form~ approache~ the ultrastructural fea-
tures of intraepithelial carcinoma~ (see below). 
Most breasts undergoing dysplastic changes con-
tain duc ts or cysts which are lined by cells closely 
FIG. ~ · :'.lam mary dy!>pla,ia . \\'all of c~·, t with 
atrophic epithelium devuid nl microv1lli The basal 
lamina L~ intact. The avascular stromal hand of the ES.J 
is seemin~tlv unultered . The RER of the delimiting 
fibrohla~l is ~omewhat more prominent than normal 4 • 
5,7001 
FIG. 5: St!vere lohulur ep1theliul hvpt!rplu~ia with l·ell:s 
featuring prominent or!(anelle~. secretun· wanules. and 
an intracellular lumen ( Ll. ( I l,fi(){)) 
resembling those that line normal apocrine gland!i. 
This departure from the u;,ual condition uf' mam-
mary epithelial cells is thought to result from a 
metaplastic process. Electron microscopic exami-
nation of these cells I Fig. 6) shows their ;,im ilari ty 
lO apocrine epithelium 16.11 ]. Complex infnldings 
and interd igitation, charaeterize the lateral and 
ba.,ilar plasma membranes. The mitochondria a re 
numerous and mostly round with a dense matrix 
and rare s lender cristae. :--Iumeruus osmiophilic 
secretory granules ol \'arious sizes and densities a re 
present. espec·ially in the supranuclear portion of 
the cells. and correspond to the PAS-positive 
granules seen with light nptks. Rough endopla5mic 
reticulum and Golgi complexes are scarce. hut 
small \'esidcs are scattered throughout the c.vto-
plasm . The bulging aprcal portion of the cells 
contains numerou,., secretory granules mixed in 
with a few mitochondria. Some of these granules 
approach the surface where short microvilli are 
frequent ly seen. :--;o decapitation of the a pical 
cytoplasm i~ ,·isible. nor are there any fragments of 
cytoplasm or organelles in the lumens: thus it is 
doubtful whether these cells use the typical "apo-
crine· · mechanism of secretion as similarlv sus-
pected by other authors for 1 he normal apocrine 
glands [15 17]. 
Occasionally myoepithelial cells become hyper-
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Fw. 6: Apncnnr metapln~ia A Hos1lar portion ul 
metaplastic: t•ells ~hnwin~ mnrkecl 1nfuld111g~ nl t>lasma 
membrane .. nnd numerou' rmtnthundriu "uh dense 
matnx und slt>nclt'r cristae. I :l, j()(l) R Hulgll11! aptcnl 
port inn nf apocrine metaplastic· cell~ cnnt.tining sec:reton 
granules nl vanahle densit~·. spar"e prulilE>s nl RER. and 
numeruu., mmute nwpla,mlt' \l.'s1cles . The micro\'illi 
an> fe" ancl shnrt . l >: ,';, ()()()) 
plasuc and ac·qu1re a roundrd t·onlif!urallon wnh 
promment bundles ol fme lilam<'nts and numerous 
densl' zonl'' 161 However. the\ art• frequent I~ le!-.' 
\' isihle m the fon ol epnhelu1l hvperplo!.l<h than in 
the normal ti!-.sue IG.l ~ 1. 
Ln mm1mnlh dv,.,pla,.,lit• dm·b and ductule:-. the 
epithl'linl "t rom a! Junction rl'laim. it .... u"ual cnnfil{-
uralton I Fig -II. hut in rnor<• nch-am·ed lestnns. tt>. 
components a re altered in various del{re~ [;).fi 1. 
Though alwu\ !-> presen·ed. t IH:' IHNtl laminae mm 
be thicker or thinner than usual and mav appear 
multilavert'd Collagen and elru;ltl' fiber,.. a re Ire· 
quentl\ more numerous and rompact. hoth at· -
tually and rt•lut 1n• w the decre;tse 111 the amount ol 
ground "uhstam·e that t'orrcsponds to the decrease 
m »tamable acid mucopolvsnccharlclt•s dt'monstra-
hle hl!-.tCJCht'm It· all\ tn t h£' stroma of dv,.,plastll' 
lesions [101 The dl'llmltmg- fthrohlmns ran he 
detected less easllv ancl sumet tllH.'s, when the 
architecture ol thl' ES.J is mnrkecll~ distorted. nre 
indistmguishnhle from the re;.t ol the rihrohla;.ts . 
In such cases, the clist mcunn hN ween the U\ ascu-
lar !>lromal hand ol the normal J:o:S.J and the 
adJacent \'i.hculanzed -.trumn b no longer appar-
ent . In fat't , \'O"<·ul~~r lhannc•ls 'an h( ,.,een in clo,.e 
proxtmtt~ to the allc•ttl'd duos and clurtule!-. ' I he 
t'ndnphbmH· r£'t iculum of some lihrohlasts 1s more 
prominent than usuul and ntt\\' show ci'ilernal 
dilatations. A d1rect spatial rt'IOtiOnshiJ> between 
t h~e pmrnment lihrobln,.,ts and the stromal alt l'ra-
uons. howe,er. ts not ah' O\s apparent. It !->hould he 
pumted out that till' ultru-,trurtural alterations nl 
the ES.J are not spe('llll tnr am nt the d\~pla...,tic 
epit he hal leswns Ill part 1rular hut accompam •til 
ot them »tn~h or ... e,erally. Thts underscores the 
1mpmtum·l' nl thl' <'pltlwhal stromal interplav 111 
the mnrphogene:-1!-. ol mamma~ dyspla!-.ia and 
suppurh the hyputhes1s that tlw ES.J is a morpho-
pi\\'Siologlc un1t whosl' structural and rhemicu l 
diHupt1on prohahh plnvs a signilknnt role 111 
epitht!lial ch·,.,funtllon [iU) I 
In all t\ pes of humun mum mal) carcinomas. the 
neopla ... uc t'ell~ shart• a has It fine structure [ L :WI 
whlt'h I!. charactt'rtzNI h\ l'\'toplasmic organelles 
that. lw and larJ!e. nre more prominent than those 
ol nonneoplasti C' mammnn eptthehum t F'ig. I I 
F1c .. ; lntlltrutinJt dunalmrcllluma The tumor n•lt~ 
have prnm1nt'nt nrgant•llt''· 1\lnorhondriul morphnlng\ ll> 
\'Drinhlt' C1~t1:mal diltltot 11111~ nl the RER are numerou' 
lntern•llulur s!Jot'es urc• mnstl\ untlllrm. but nne lSI 1' 
dilated and cnntam' mll'n>\ tilt . Twu inlrm:ellulur lumen~ 
are visihll' fLl . 1 lfl,f)(l()) 
24 THE JOURNAL OF I VESTIGATIVE DERMATOLOGY 
The rough endoplasmic reticulum shows a some-
what uneven distribution of the attached ribo-
somes and may display cisternal dilatations. The 
latter either appear empty or contain some amor-
phous osmiophilic material . ·umemus free ribo-
somes appear frequently, occasionally in the form 
of polyribosomes. Mitochondria vary greatly in 
size, shape, and internal configuration. The crbtae 
vary from scanty to numerous; and the matrix, of 
variable density, sometimes contains peculiar 
dense bodies [3,6], sometimes round, at other 
times elongated and striated £Fig. 8). The s ignifi -
cance of these matrical bodies remain~; unclear. 
Sometimes Golgi complexes occupy a large part of 
the cytoplasm and secretory granules appear irreg-
ularly. Most of them are dense. membrane-bound 
osmiophilic bodie~ [3,6.19.21 ]; les~; frequently . they 
resemble the honeycombed appearance of mucin 
droplet5 [6.22.2:~ ]. Fine filament!'. are frequent 
[1 ,:3,4.6.18 25] and haphazardly distributed in al-
most any part of the cell. Their nature is a matter 
of specula! ion: some author~ [.! , 18.20 I consider 
them analogous to the filaments of myoepithelial 
cells. others 11.:~.6.21.2:~.25] doubt such an inter-
pretation. Some of these fine filaments, like those 
Ftc. 8: Lobular t·arcinoma m ~itu featunn~ nenpla~tic 
cells wi1h relatively scanly organell es, numerou~ fila-
ment». and a micrllluhule (arrow). A large rnitochnndriun 
contains long it udinal matrical bodie~ which appear tn he 
finely ~triat('d. The ha~allamina is hazy ( 21!.000) 
of cultured cells (see below) could well represent 
contractile protein with no relationship to myoepi-
thelial cells. In fact. in their distribution and lack 
of dense zone5, they resemble the fine filaments of 
nonneoplastic mammary epithelium. In addition, 
bundles of thick filaments are occasionally seen. 
resembling those of keratin izing cells. The latter 
are regarded as an expression of squamous meta-
plasia [1,25 ], but many of them are probably the 
result of a degenerative proces;. [6]. Microtubules 
are rare. Intracellular lumens containing microvilli 
have been described by several investigators [1,3. 
4.6.7.21.2:! 26] especially. but not exclusi,·ely. in 
invasive carcinomas [61. Many of these lumens can 
be shown in serial sections to communicate with 
the extracellular space5 16.24.26]. 
In addition to the variation;. in size and shape 
visible with the light microscope, the nuclei show 
prominent. irregularly shaped nucleoli which may 
he multiple. Some nuclei contain granular inclu-
sions of different morphology [1.~] and occasional 
target-shaped bodies similar to those described as 
target-like nucleoli hy Lu!>e in o ligodendrogliomas 
[27 ]. The significance of the~e different nuclear 
bodies is unknown. 
The plasma membrane'i, straight or interdigitat-
ing. contain irregularly distributed de;.mosomes. 
Microvillous projections are numerous along the 
frequently dilated intercellular space~. 
The prominence and distribution of the cyto-
plasmic organelles can vary, sometimes considera-
bly, from cell to cell in any one tumor or even from 
one part to another of the same cell [ 1,6.18.10 ]. 
This variety h. responsible , at least in part . for the 
different cytoplasmic densities of the neoplastic 
cells and suggests that mammary carcinomas. at 
any gi,en time. are composed of cells in different 
functional states [19[. The exact fum·tional capa-
bilities of mammary carcinoma cells and the 
factors that govern them a re still under study. For 
example. synthesis and secretion of different pro-
teins is likely to occur and mucogenesi~ is well 
documented . The spedfic funrtions of the tumor 
celll; may , in turn. mf1 uence the morphology and 
the evolution of the tumor itself. This is exempli-
fied bv the :;o-called mucoid carcinoma. in which 
the p;ociuction of epithelial mucin is pa rticularly 
marked and the clinical behavior i!-. less ag~ressive 
than that of the common variety of carcinoma of 
the breast. 
Mammar~ carcinoma cells explanted in vitro 
often retain their original fine s trurture even after 
prolnn(.!ed periods of cult i,·at ion [19 ]. Peripheral 
filaments and microtubules are more numerous in 
the cultured cells. probably because of cellular 
locomotion in vitro. Focal rounded dilatations of 
intercellular spaces in a monolayer. sometimes 
delimited by ciesmosomes. are frequent and mimic 
the dilated intercellular spaces of the orif,!inal solid 
tumors. Intracytoplasmic lumens that do not com-
municate in any way with the extracellular spaces 
can be demonstrated by means of !>erial sections 
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through the enun• thit·knes~ ul u monolav<>r. 
The:-e lumen" an• fr<'quent and 1 nn he smgl~ nr 
multrple in IUW one t•ell. The surrounding cvto-
pla~m forms mtraluminal mitrmlllous projections 
and frequently di .. pla~·., senl'tor\ granules like 
those around thl· intrar\'lnpla-.mic lumens. 10 the 
solid tumors. E4ualh remarkahl<•, c·ultured mam-
man ,·arcinuma t<·ll~ abo retain the I mE' ~tructural 
feature" mentiorwd nhmc \\hen tron-,planted into 
nude-uthvmir mrt·t· u~ ''ell a-, thE' mochinen to 
reprodut·e 1n th<• mou..,<• the an·hnt•rturol pallern of 
the part>nt tumor. Tht>,e t>xperrmt-nt<rl models mov 
pro\'e u~eful 10 I he ~tud~ of the larg<'h unkncm ;, 
funeltons of humtln mammar\ run umma t•ells. In 
a :l7-~cnr old man, the neoplaslll' rt'll~ of infiltrut -
ing ductal cart momu, a~ well ~~~ therr daughter 
cells grcm ing in 'it rn. drsplaved ult ra-;t rul'l ural 
f<'ature-. whtrh dtcl nut diller ~•gnrfrcanth from 
t hc>.-.e of their female muntcrpurh 
l ' ltra,.trut'lural ,.tudre;, are under wav to deter-
mine whet her 1111 rnrptt h<'lial t•nrt·rnoma. ductal nr 
lobular. 1,., prN·Nit•d h\ hyperpla~•a nl the mam 
man t•pithelium and. ll\ exum~rcm. whether am of 
the t·ptt helial h~· perpl<hia" nf the hrE.'a;.t are prE' 
can<·emus Je,ton-. Thus far. electron 111lcmsl'IIP\' 
ha." lent ,,nme "uppurt tn the hvpothe,.•~ su~ge,tt:'d 
hy hiswlngi< s tudres I~R.~ll that a ~equentinl 
relatum ... hip. perhup,., nnnohlr~atnr\. ext,.t:- ht:'· 
tween ~>me epit heltal h~ perpla~ia ... · and t·arl'ino-
ma~ . The prugre"""e wor~enrnl{ of the ultra;.truc·-
tural rma~~- ntnj!inJ( from .,jmplt' h~ perpla,t<t to 
frank t·arcmnmo. ,.eem,. tn :.uggE',t a !--tepwi,.e 
pmwes~ion of e' cnts. In fact. on purely ult ra!:..t rue· 
tural ~roum!..... it mil\ lw extrcmeh difficult or e\t•n 
impos-.ihle to draw a lin<' between nt\ptral h\pl'f-
pla ... rfl nnd int raepll lwlinl can rnoma However. the 
ultra,.tructural ('\ rdt•rl!'<' is still ton meager for a 
firm condusinn 
The ultra,.tructuml studv ol the ES.J in human 
marnrnan malignnm·res rs tmportunt particularlv 
in relauonto the transit run from mtmepithelial lrn 
snul to ill\·asi,·e ran·mnma,. .\, rndrrated ahm t:. 
nunnenp)a,.,tic mamman epitht•lral ,.trut·ture" are 
~urrnunded by mtat't ha.,al lammae unlike the 
nests of mfilt rating dul'tal and lobular carcinomu" 
whit·h are genernll' de,nrd ol basal lammae [:!.I. 
2:1.:l0 1. de,.,pit l' Ul't'!I,.IOnal l(lrmpsl's of -.ume ha..,al 
lamma matenal 11.6.21.251. Thr., .,. abo true lor 
sut·h ''ell-dilterenuntl'd tumor-. th tuhular earn-
noma. lntracpithelinl c·arcinoma~ of the breast 
(in traductual curt·rnumn and lohulur rar<'inoma 111 
>.nul m·cup\ an intermediate po,.,itron brtwcen 
these two extremes sinl·e thE' ba~al laminae of 
mam neopla.,lrt dul·ts and dUt·t ult•s are intnrt 
[:l,.J.2;,,:ltl whert'a" othl'r" arE' dt'lt:tti\l' 111 \arioU!'. 
degrees (6 1. The defel't i\'l' lwsnl laminae nHl\ 
appear nttenuat('(i and ha1.y 1 Fig. HI or mav be 
incomplete, produrm!( gaps of \'ann hie width. The 
neopln~t ic cells are ,.omNime,. ,.een to protrude 
through some of 1 he,.e gaps mto the surrounding 
stroma without losing contact wrth the cells in,.,ide 
the duct or dut·tul<' (Fig 9) Thc"e protrusion". 
Frt •. 9 lntrodurtal c·an·mnmu Prntru~run uf a neo~ 
pla!>lit rellthn•u~h a gap 111 thE' hu~allumina l<trru\"l. 
The 1>rutrudrn~~: n tuplo~m ,.., dt>\utd of ha ... al lam rna. 1 ~ 
21.illlll) 
rangmg lrum mmut e port rons of n lnpn,.,m to 
gmup:. ul a lew cell!., arc de,·oid ol hasal laminae 
[6.:t21 ~nnw of the -,malle~t protru~ion~. like the 
cytop)a,..rn ir prot ru,.iun,. ol \ '11 nou" nonneoplastic 
E.' pit he! ial and c·ndot ht'hal tc!ll,, mm: he re,ersrble 
hut uthl•r .... e ... p<'l·iall\ the larger onr ... ma\ repre-
,ent foti ol lwginninl( im tt...trlll [:l:l 1. Srmilar obser-
vations on nlluneous tumon. o! experiml'ntal am-
mal~ support thi~ pussrhilit\ 1:3.1 I 
The -,rzl' nf thc,.e fm•t ol "earh" :-trnmaltnva:-wn 
ma' he so ,mall that they are lleyond thc pu\\Cr of 
re .. olut ron nllight nt>ttt .... Therefore thl' light micro-
~coprc clingno,is of an "m situ" carl'inoma ol the 
breast cannot t•ategunnlllv exclude• an mvasive 
rnmponent In inlruepllhE'Iiul tllrl'llloma:- of the 
human hrcn,.,t. 11 is rmrx>ssrhle to a"re rtain the 
prl.'l' lse inndt'nre ot fun of heginnin~ mvnsron; we 
can onl\ ~tate that surh foCI are found more 
frequent!\' in mtmductnlrarcinomas than in lnhu-
lar l'llrcmornlh rn ~itu. 
OthE'r ultnlslrunural de' rations from the nor-
mal' t,rhle in thc ~twma of mamman can·momas 
in dude prurmnenc:e nl the ergastopla,.m of ~orne 
lihrohta~b l6.:lu 1. nmatruns 111 the amount nt 
l'nllagen and eta~tit• hher,., and an increa,.,ed num-
her nf fenestrations nl the \'O~rular endothelium 
16 I Thrr<' i,., evidenn.• that ... ome oft he~e changes 
I e .g .• flhrohl ,t!'>tic acti\ ity and endothelial fene~,tra­
llnn:-) are related to estrogentt: .,timuli [61. For all 
praettral purpose:-. howe' E'r, 1 herr lunt'llonal sig-
nificant'£' nnd relatmn-;htp tu the evolution of 
mummttr\ carc·monuls art• s till unknown . 
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AR!-.TRACT 
l \ing I run ... pluntat ion met hod, nnd hl ... tnt•nmpnt ihilit' lll<lrk~·r.. I "' udied 1 he tellular 
t·nmpo,..itrnn ol normal and •wopl<hlit· ti~-.ul'~ derivt·d from m:llllmilry ~land-. cumpn-.ed of 
cell~ uf 2 drlft•rl.'rll ~t-nnt\pt·-. "-urmal mammHr\ gl,md, rrm>-r,..tl.'cl nf I -epilratP n•ll 1\'pe,..: 
nheolar eptt lwlwl. dut·ral epithelial. and myoepithelial. Otlfercnt ellnlogtl·lartor:. rau~ed the 
neopln,..t•r tran~torrnallnn nf I he diffl'rent cell 1\ pe-. Etu·h l\'Jll' proclun·d a rhararteri:-tic 
nwrplmloglt' du-., nf prernalq.{mml lc~ion:- whad1 prtrfHt'S~l·d tu dHlnu·tcrastat· mnlignancie;.. 
Ah•eolur I' JHthclial t't'lls p rodul'l'CI aiH~olar and arinnr glandu lnr twoplnsan; cluetal epi thelial 
nropla!:ms had ductal papillar~ mnrphnlog\. l\h oepit hrl1nl m•nplu-.in wus usunll\' character-
i zNI h' rp•rlc·rmoid mP .. t•ndwmnid metaplasia Souw tlt'nplma it prrmnl if.{nun t epit hel ial 
cells Wl'rt• asscwltlti'CI wtlh normal m\'oepttheliul rell,..: mnlt~ttnnt n~r~anh \\rrr not Some 
myoepith~:lial nl'opln"m" rontainl'CI normal parench' malt·rll t•umpmwnt;., halt the m•nplastar 
t•ell~ did rurl require th j,. a-.,.udat ion. Exist inK das .. iflcut auu ,.., "'~·Ill'- do nul -,epa rate 
mammal'\ nt'upla-.rn .. un tht• hu,_j., ol the rell type nf uri~in. thi-. nlll lw dum:•. how£>\ cr. h' 
analyt.in![ variant;; lrnm prcmalt~nant pret·ur:-nr;. nl knm\11 u:llular t·omprhttiun . 
Recettt n•,l'ardt in um·ogt'nbi" ha .. shilted w 
studw, of a ,.t:rit', ol prt'malil!tHtlll or earl~ mali;:-
nant 1 is,.ue' dl'rl\ t·d from 1 ht· :-a me original t i:-sue 
I\ pe or lCII J)lrpulat ion . 'J'(w,..l• studil•:-. repre,.ent a 
lnl!icul nttcrnpt to demonstrate in tlll' earliest and 
leu ... I de' iau~d prcmul h:nant pupulat ions 1 hl' initial 
or cntit·alultt•nttton,.. whit'h nrc· not yet ma,ked h,· 
the nunwrrut;. secuttdun dwttges louncl Ill maltl!-
nant tumor .. The --tudi~·,.. rl.'pora•d hen· \\Ne in• 
taated 111 l!lG:! to t•;..l!thlish tran-.plantuhle lines of 
premaliJ!nunt ti:;,ut•z- usl'lul in 'llld\lllg the de\'el -
opment ol turnnr nnta~cnrC'it\ dunng uncogerwst,... 
Unexperted rt•sult~ led tn t:x pt: rimental oh:.en u-
taons wh l<'h 1{1\'l' 11 Ill'\\ Jll'r ... pet'll\1' 1111 l he biulng\ ol 
!>ornr nornwl and m·nplnstit· '''"lit's. 
To~~ udv prenHtllgnant t i~sue, anclurecl hy mam-
man tumor' tru-. r\11'\ I. DrOnH', Faulkm. Htorn 
et al II) de,elopNI a lu~hh lN'lul technique for 
transplanting mum mnry ~.:land:, . I ,..et out w ~tab ­
li,.,h transpl<ultahll' litH'' nl premalignant mam -
rnar' t i-.~uc ... indun•d hy chcmiculnm·ogen~. Lim.•;. 
e:otahli,..ht'fl from ll•-.iuns in min 111 \\hirh 'ariuu-.. 
com hmataon' nt ont·ugenit• fartur-..-:\I et h:vlc holan-
threne I :\ll 'AI :\I I'V. and hormune,-\\ere aning. 
exhibited diltl.'rl'nt mnrphologie:- whic·h reprt>-
sl'nted chltrrrnt t~ Jll'-' nt twoplasia and different 
stages 111 prngre-;sion In malignant·\', 
Thh iml',tr~:atrnn wtt ... ,·nntlun"d rn purr dunng the 
lcnure ... nl a Dnmun Huw>lln Rt·,cilfl'h Fellmbhip and 
).;araunill CanrPr Jn,tttull.• ~'t•llnw~hap t<"A 19 1l:it It \\It" 
also -.u pporl ed h\ ('SP JJ !-1 Hr ... eurrh (~rants '\ns 
CA IIH,~r'ii. <"A IKi!J:!i, "nd 1{1{ ll:i.·,;m lmm the .\u11onal 
lnstilllll'" ul ll£>nlth tu Dr H T Prt.>hn. and h' an 
apprnpnat inn lrnmtlw ( 'ummo"''"ull hut J>l'nns\'h u'nw 
• Frnm Tht• Jn-.tal Ull' lur ('nnnr Ht•st•an·h. Fm: C'h11"e 
Centt•r lnr C11nn·r und \Jrd 11 al Srit•nt•t>,, J>hillldelphiu. 
P!>nn,,·hunrn Ill! II. 
l'n·-.ent uddrt·.,,: Can~t·r Rt•,t'nrt·h l't•ntrt:, lna"er-.u\· 
ol Hnta~h ('nlumhra . \ '11nwU\l'r -; , HC .. <'anad11 
.,-
_, 
Hyperpl<t"llr uht:nlar nodule .. t HA;-.. 1 a rising m 
mire \\ith \1T\. \\ith ~1T\ treated with .\ICA. m 
\Hth hurmum-. prt><htt·ed transplantable lines nf 
dul'h \\llh h\'pl•rp]a;..tw alwnla \\'hen the~e ti!':-Ue:o 
wpre -.uhlt'llt·d 111 an immum· r~poru.e directed 
Ell'llll1!->l ann:,:t•n" a,..,..odateci wtth the i ran,.;formed 
t·elb. 1 he' pmdun•d normal growth. an mdicauun 
that t hl•\ t·untaam·cl nurmal l'l'll romponents. H\'-
perpla;.tlt' nndult•,. wclurc·d h' l\1 r A in mice v. it h-
ou t :VIT\' produt•t•d 1 rnn:-.plunwhlr !me-. nl h) per-
pla~ttc tt:-.slll'" w11h epidermoid metupla!>ia. When 
the;.l' ''"~u<·~ \\l'rt' rc.te<'trd hy spec-iltr immunity. 
no norma l growth rt'~ltltt•d. O~:cn~iona l le:;ions with 
unusunl chtt•t<tl nwrphulog\ \\(•re par11alh com-
posed ol normnl n·ll, 
To ;.tuch tlw c·ellulnr tompo.,atum ol normal and 
nenplast it 1 is-.ue-.. I u .. ect mamnHll'\ gland$ cum-
posed nl 1 t'IJ, of 'l dillt:rent ~enotype;.. :\lu;.air 
ti""ut·:. , prudun·d hr """ociat ing mammal'\ l·ell,-
from '2 clillcrenl tlllllN' "'rain,. were maintained by 
!-erial tran~plant.u iun in F\ h~·ltrid h""'" hi~tocom­
patlhll• with l1111h l'ompnnrnt j!cnntype" The genu-
'' pe ol the rells in normal and lll'np!a,.t ic t is:-ue:. 
derin·d lrum thl',..l' mo,..nit· ti ... sues \\a;. determined 
by tran,.pluntatiun tu tlw rr,.pt-eti\'e pure "tram:.. 
lnl·ompatihlt·n•fl, \\t:re rejl.'rtl·d and hi ... tucompati-
ble ecfl,. produc<·d ~rrm tIt . I lound that I could al,..o 
tdenttl\ tvpc•, nl n•ll-. hy thts mtothod. In a ~enotyp 
tcalh lll!Nlll normal ltssue. sumetame, the cells 
ol nne ![tmnt\p e \\fntld proclul'e onh durt:. a nd the 
cells o l the• otlwr onlv ahl'ola . Thts md1cated that 
the nornwl f.( lnnd is t·urn posed nl different I~ pes nf 
cells wrth scpnrut r ungan and that certain mur 
phologtr l.\ JW~ of J!rnwth art' characteristic of 
certnin t\ pe,. o l n·lb. The oh»l' l'\' lltinn of 3 mur-
phulogtr I VJIC» ul lll'(lplusta-uh t•olar. duc·tal. and 
t:pidetmotd nw-.c•nt hvmoid-und of "1. t vpe ... of nor-
mal .l!fowth-dut·utl and ahtmlnr-each cumpu~ed 
28 THE J0l1RNAL OF IM ESTIGATIYE DERMATOLOGY 
of myoepithelial a>osociated wtth eptthelial relb. 
led to the hypothesis that normal ~land is com-
posed of::! types of cells. Myoepithelial cells in al--
soriation with a lveolar epithelial cells form alveoli, 
a nd myoepithelial celb in assoriatwn with ductal 
epithelial cells form ducts. Aheolar. ductal. and 
myoepithelial cells produced. rcspecllvely, the al-
veolar. ductal. and epidermoid mesenchymoid 
forms of neoplasia. 
Analvsis of neoplasms induced in mosaic glands 
demonstrated that hyperplasttc akeolar nodules 
are composed of neoplastic alveolHr epithelial eells 
associa ted with all components of normal gland. 
and epidermoid hvperplasias con~ist of a pure 
populatiOn of myoepithelial neoplastic cells. Aflt•r 
I had observed that some tumor \Sriants from 
a lveolar I ines contain normal components. I re~ts­
soctated the nenplasttc componenb of these tu-
mors with entirelv normal cell populauons from 
normal glands to study the role of the normal cells 
in the growth. These studies showed that. as 
alveolar neoplasia progressed from early hyper-
plast iC nodules to adenomas and or~anotd tumors 
and then to microwbular or acinar tumors. normal 
cell components were progres~tveh· lost. Alveolar 
adenomas and some or~anoid tumors contained all 
the normal components of normal gland. hut 
microtubular or armor tu mors were composed only 
of neoplastic aheolar epi thel tal n•lls a:.snciated 
with normal mvoepithelial celb. 
The reassortauon procedure resulted in the re-
placement of a~ed normal cell components. whtch 
had been carried alon~t with the tumor since tis 
inception. b\ the new young normal components. 
When the norm,ll ti~sue used litr rE'nssorta tton was 
of a different genotype than the neoplastit cells. 
the resulting growth larked normal components 
syngenett· with the neoplastic cells. Thus. bv 
implant mg such tissues in hosts syngeneic with 1 he 
neoplastic cells. pure populattons of neoplnst ir 
cells were obtained. Bv this technique. I showed 
that the neoplastlt aheolar epnhelial cells tn 
typical spontaneou;.. tumor;.. must he as~ociated 
with normal myoeptthelial cells. :'\eopla;;tic m'o 
epithelial cells in a fibroadenoma. though they 
interacted synergistically with normal cell com po-
nents. did not require this assot'iat ion h>r survin1l 
H istologic and ultrastructural methods appar-
ent!~ cannot dist m~uish separate t \'pes oJ cells in 
growm~ normal and neoplastit ussue::.. The Iran,. 
plantatton method-. used here facilitated the iden-
tification of cell tvpes. 
This paper outlines mv result;, to date and 
explain,. my hvpothese,., re~ardm~o: lell type in-
teract ions and et inlotcic factor;, 111 the development 
of breast neopla-.w Pre,ious papt>r,., ]2.:l] hn\ C' 
summarized ,.,orne of the result;, of the-.e studil's 
MATERIAl $ A'IO \11' III ODs 
Experimental Amma/., 
Inbred strain~ ol mart' and thear Fl hvhnds !rom The 
Institute for Cancer Research tiC'Rt an Philadelphul and 
from the laboratory nl Dr R T Pr!'hn at 1 he t ni\ er,.,ll \' 
of Wa.-hml(ton tn ~eat!le wert' usPcltn the,<· 'tudaes. The 
nomenclature used i~ that nf thP Cnmmauee nn Stand-
ardized GenPttl' ~omenclnture for Mke It I (abhrevia-
tanns in parE'ntheses) The fnllnwing s trains and their Fl 
hvbrid<. from tht' 1\R cnlom were used · Pure strams 
BALBkAn'\ In !C' l C1Hfl le'\ lcr tC:3t. l' IHfR He~lcr 
tC111. Cfi781'6-l'\lrr (Bfil and DBA'2AnPrlcr !02) 
ffrom the Se:-~ule l'Oinnv of Prehn transferred in 1H66 111 
the IC'R rolonvl. Fl hvbnds : C02. ('(':1_ C:JC. H6C. and 
B6C:I. Strnub r and 0 2 are belie\'ed to he frt'P ol any 
form of actin• mammAr\ tumor vtrus Studie~ nt retired 
female breeders of the~e st ram~ !mated to male-. ol the 
same straml lur h\perplastic lesion~ of mamman epi-
th elium demonstrated an ancadence of le,;inns incompati-
ble with the presence of acttH known forms ut '\.IT\' . For 
some experimental procedure~. CD2FI mice \\llh the 
standard (':i fnrm of ~IT\' !MT\' -Sl were requtrPd . These 
were t>roduc·ed bv fosl!'rtnl{ C'D:!Fl newborns on C3 
mothers or hy fc>stenng th(' C" mothers on (' :fs. The 
animals thu-. pruduced wtth :\1T\ -S are d('~i~:nated a~ 
CD2Fl . Regular CD2Fl wllhnut :\IT\' ar(' destgnau·d 
as C'D2Fl 
Anamuls were housed tn stutnless steel ur plast It' cages 
(-I i per l'BI(el Water I adjusted to p H 2 wllh HCI l and 
food !Old Guilford 911Rl were prmtded ad libttum . 
Beddinl( of ptne sha\'mgs was changed \\eekh-. Tempera-
ture wa~ controlled at i 1°, li~:ht cy,·l(· at 12 hr p('r da\' 
Technical Pmrl'dure.~ 
Ane.~thP~io Fur all surl(tc·al prm·edure-.. anunab were 
ane;;thetizt'd h\ intrapertloneal injection of o ,uJution of 
6 'i mgjcc -.odium pemaburb11al in g . ., ethanol ut·cnrdtnl( 
to tht' mt'thod of Prehn [:i ). 
Preparatwn of host f!/ond-free mamman iat pad,. The 
K-1 (mgumal! mamman tat pads ol prepubertal female 
mice Mil :11 da\·s of agel werE' "c:leared" ul host ept· 
tht'lium h~ surgical extirpation of the ntpple unci the 
adjacent pnruons ot the mammon lui pad thrnugh a t.'J. 
to 20-mm \entral midline sktn inebion The -.km inca 
sions tn all -.url(ical procedure-. were cln-.ed \\ith metal 
wound dtp~. Cleared ammals ''ere used as renpaents of 
experunentul tissues when thev were :l H months old. 
Isolation of .,eria/1\ tran.\plcmtable ltnes. Most MT\'-
mduccd h\'perplasuc aheolur nodule.. gavt> rise ICI hvper-
pl&ttc nutl(rCI\\ 1 h~ ''hen tran.,plant eel to tlcured fat pad-.. 
In contra.~L. a mut·h smaller percentage nl chcmical-onco-
gen-induced uhnormalitie~ prudu<·ed hvp~:rplasllc out 
I{I'OWth~ when transplanted :\lo~t transph:u1t' of what 
appeared to he dasc:rcte topidermmd hyptorplasttc· leston., 
from MC'A-trented ma1·e pruduced no gruwth or normal 
wowth Onh a few eptdermuid lme~ were c~tahli~hed 
lrnm transplant.., o f discrt>tl' ll'sinns. \\'ht·n lnn11 ~;traps 
cnntaantng pnrt inns ot se\ era I ducts wert' tr!ln,.,planted 
from :\.1C'A-treated donor,., ihe re~ultmgnutgro\\lhs were 
frequent!\ t·nmpo~ed ol maxed nnrmal and h~ perplasttc 
ttssue~ Trans plants of murpholof{tl'all\ normal a reas nl 
the~e f{fi>Wths frequent!\· produced mixed normal and 
hvperplasttl' nutl(rnwth . Selert inn ol the h\ Jlerpla~t ic 
areas fnr ~ertaltransplantatinn resulted intht· establish -
ment of lines nl mnrpholnl(tcalh homogeneous h\'perp)a,. 
t K ttssue' This method pennl!led 1 he s!'lert ion uf 
populattnns nl nenplastat rl'lls that would not he easih 
detectt'd 111 the pnman hnst and resulted in the e~tah­
lishment of ah eolar and epidermoid lines It also permit · 
ted the t'stahltshment ol lines nl fme duct prnltlerattnns 
pre~ent hut not ,i,ihle in lht• original hcbt. Transplanta-
ble ahenlur and eptdermnid mesench\'mnicl premalig-
nant tis.'.lte,., were abo isnluted from lesions arising in 
beraalh. transplanted normal ti"'ues. 
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Preparatwn of exper~mental 11.\>Ue~ for 
tran.,plantatwn Transplanh lrom tat pad~ containmg 
norm a l 1 t.'hUt'~ o r thin. soft. hyperpla,;tlc tissue:- \\ere l'UI 
with sc1s~ors d1rectl~· from the demur 1<11 pad. Dense 
fibrous nr th1ckrned ttssues and tumon. Y. e re remowd or 
cu t with a st·al pel intn slices about .fl I mm thick and 
placed 1n balanced salt ~olut1on tn a pl ast1c Petrt dish 
These ussues we re studied \\ith a stereuscopic micro-
sco pe \\lth transmmed light. and tran-.plants from se 
lected premaltgnant a rea;. were l'UI with sci,sors o r 
scalpel Tran~plant~ of normal o r soft thin hyperplas!lt' 
t is.,ue:- mt>a~ured about l x I x 2 mm Tran!.plant" of more 
neoplastll premaltgnant tissues were generall~ -.maller 
(.5 I mm'l 
Tran~p/nntot wn. Animal~ that were tn recein· t rons 
plants were anesthetized and p1nned on operating 
boards Tht> ha1r was clipped a nd the !at pads wert> 
exposed through a :10 10-mm vt>ntrnl midline incision 
\'er\ -..harp Dumont watchmaker's lun:eps \\ere in tru 
duced mto the end of the fat pad and careful!\ pa,sed 
through the lat lor a distam·e o l Ill l."l mm. care \\8, 
taken tn keep the tips nl the lort•ep~ Y.Jthm the fat The 
forcep-. were rcmmed and the triln,.plant was grasped and 
introduced IIllO the fat pad Transplunts or fnahlc 
neopla~ti<· tissue~ were lntrodut·cd \\llh n 1:1- ur li l(uuge 
needle '' ith stylet. 
El'aluotwn of l(mu•th. Tht.· skm ''llh utuu·hed fat pad 
con taining experimental g rowth was pinned ( " nJt•kel 
plated hro"s pin"l nnw ,mall mrk hn<1rd' and fixed 111 
Bouin', ~o!utiun Thi,. lixati\e < uu-.ed precipitatinn oft he 
protems 111 I he epithelial cell,. \\hid1 mode the ep1thehal 
structures dear!\ \'isibll' altl'r .l- 10 min Fixed tissue-. 
we re Jnspet·t('d 111 the ,tereu,t'OI>It nut·ru~cupe at lrm 
magnilil'atinn 17 Iii· I and the gro,\lh characteristic-s 
were rcrordNI Alt1:r fixation lor 2-1 II\ hr in Bnum "· 
tissue~> tu he prl!scn ed were ..,to red in 70', eth•·l a k uhn! 
Selected " Pt't'imen,. were prep~~red for ,[uuung and whole 
mounting Tumor tis~ue" were fixed 111 neutral hullered 
101• formalin. H1stnlogJl' se<·t Ions t·ut nt .; p. wert' stalnt'd 
with hPmatux\ lin and en~ in I H ~ El 
Wholr mount prl'paratwn Sclenl!d spl!cnnen" were 
remmed lrmn t he ,kin. defaued Ill aretnne. tnmmed ul 
exce!-sJH' t•onnecti\e tissues and th1ck l(rnw ths, s ta ined 
overnight 1n u sulut1on nl l pilrl Ehrl1rh s ac1d hemtllox-
\'llllJn:.! part-. '!.' • aqueous acet u· add. and dillcren!lated 
in -0.0:! ~ H( 'l in 70'' ethanol tur I rum 2 :N hr. The 
pennds nl cli ll l'rent 1atiun and lll'id t·nnt·entratiun were 
vanecllur parenrhvmal j!rowths nl d1llering den~il\ ancl 
s t 11111inl( ,nfutlnn, of dilfPnng 1H II\ 11 \' to J!l\ e the des1red 
re>-nlutiun of'' rurture,.,. After dillercntiation. thl' ti,~uc" 
wert' plttl'E'd mernight in 11.111 '\ '\ li,O H Stained sped 
mens wen• dch\drtlltd 1n a gruded "~'riPs ot aknhul 
-.ulutinns. tleared in x\·lene. 11nd muunled in Pcrmuunt 
I Fi~herl on gl a.~>- slide~ . 
Gl'nllt\picalh mo.,aic /i,,sue> Alter I had ub:-erved the 
normal gnmths thut re,.,ulted from the rejection nf some 
prcmuh~mll1! t i~sues. I in\'Cstigau•d tht• pn,.,sibilitv thut 2 
M murr "epnrate populations ulcclls were Jllll'ractmg 111 
normal und neuplastit growth Studi!'~ ''ere miwurd 
\\llh mamman IJs-.ues clen\l•d frnm thl' lus1un mnsuJt· 
lallnph~>nit·t mit·c produt·cd h\ Dr :-.lint/ at this ln-.ti 
lute Tht>'l' -.t ud1e" demnn"t nl!t·d t hilt nurmal and carl\' 
nenplasl ll u~-.ue ... \\ere compo,.ed nl mult 1pll' scp<lr;lll• 
populations nl cell,. [6). ~tudie,. o f -.t:riullv I r'lnspluntt:d 
hne~ nt nurmul and neoplru<tll' tissue- den' eel from th(''e 
musait• gland' haH• been rarriecl out T hl' genntypicull~ 
mosal(' tts~ue' were maint ainrd lw sen a! transplantuttun 
111 Fl hdmd hosts hi~tocompatihll' with hnth genntvpit• 
compcmen t s. The genUt)pe and t·ellt\Jll' t·ump<li'>Jtion ul 
the !Issues dunng prugre,.,Jun tu mahgnancy was 
analvzed by t ran~planttll inn tot he respecti\e pure stram 
"parental" host;-, o r Ill Fl hvbnd am mal~ h~:.wcompauble 
with one but not both genotypes The histoincompauble 
popula tion» were rejectt:d , and the histocompat ihle p<lpu-
la lums ga\'e n~e to gruwth c ha racteristic ot the compo-
nent cell t\pes. 
To prnd ut·e musait· t iSsue:- ol de~ ired genutvpic comlu-
nat JUn,., for addliJOnal expenments. (•ollagenasc-dJs-
sul'iated cells (7 I frum adult glands were mixed and 
Implanted 111 Fl hvhnds Mosaic !(lands were readily 
pmdutcd by thb method. ond normal tissues ond neu-
J>Iaqi(- growths mdut·ed tn lhem bv vannu~ uncogemc 
facto~ were analvted. 
Murh work has been dune recent !\ on I he assucJotiun 
of neoplastic cell;,; with nnrmalt•ells o l \'arious genotvpes. 
C'hew and Hoshinu [B I fou nd that when mammary llssues 
we re t ra nsplanted. the_\ became d issociated und then 
rl.'generated mamman structures. I found that when the 
2 tis~ue- I whhed tu a-..snnaiP were cut mtn "moll pteces. 
mi~ed. and impluntcd in Fl hybrid recipient;.. the 
destred mnsaK !(TOW th rt>,ulted \ 'anuus asstK:mllons were 
readih accomplished h\ plat·in)! the tissue~ tngether m a 
pla~tJc Petn dish, thuppmg them 11110 a thit·k h re1 w1th a 
ruwr blade. and inocula tmg this preparation in to recip1 
ent fat pads . Reass<>tJUtcd ll~sues were maintained 
through 2 ur mort' transplant generation;, 1n f l hybrid 
ho»t~ before genm \ pmg wus dune 111 order to en,ure I hut 
an\ normal ~:umponents dell'<"tE'd were an Jntrllhll' t·um-
punen t of the neoplastit· grcmth and nut ju-;t chance 
nuxt ures , 
The ,..\·mhol ), I 1" used tn de,ignate the a,.sotJatiun nf 
tell~ ul different J(enntvph 1\losaJt t1ssue,. wmp<>sed. lor 
example n l r and C':U eells. Ufl' de"i(mated [r // C':lt 1. 
'l'l'rm tnolopy 
t'<euplasia has been dt>fined as a " form ol hvperplasia 
cau~ed a t least in part. by an mtrinsic. heriwhle ahnor-
mallt\ 111 the mvolved cell~" (9). Studies of variou!' tvpes 
of henil(n hyperplastic mummor\ les1uns induced by :lit TV 
(1). ll\ hurmone, [Ill~ nr hy t·hemu:al-. [3, I ll ha\'C c learlv 
shown that the abnormal and hvp!'rplast ic s trut! ure a nd 
pn•malignant nature ut thl'se le,iuns deri'e I rom int ri nsic 
heritahlt· change in the inmh ed celk Thus. t he~e !Issues 
rnav he considered neoplasm~ InC\\ grO\\Ih-..J because 
the1r ahnnrmal cell~ diller from normal cells Foulds [12 I 
cunsidercd the hvperplastic ahPnlar nodule, and plaques 
mclun?cl bv ditlerent li>rm, ul MT\' to be essentiallv 
equivalent alternatJ\e lurms ot earl~ neuplusJH 
l\h ,.tud1es han- shcm n that a continuum ol growth 
1\'P''"· invuh-lnJt tells w Hh 'arJou~ degree,., ot heritable 
ahnurmalit\. can t>xi"t lwtwccn normal and malignan t 
ti-..sue-.. ;\.1anv lnrms, uwludmg t)'pil-al earl\ tumu~. 
in\'ol\{' the assut·iatiun nl normal with neuplasllc cells. 
11le neoplastic cnmpont-nts frequently depend fur :~urvl­
\ a l on normal parenchymalt·om)lUnents and a re the refo re 
usuollv incapable ut malignant invasion and metn:-.tasi;.. 
I will usc the term nt'nplnst ic ltl refer tu tis.~ue,. or t•ells 
wuh hentable alterauun' wh1t·h cau"e growth to he ah-
nurmal thyperpla,.til', dv,.plnst ir nr hot hi Premali~-:nnnt 
nenpla>-la refe~ tu abnormal us:.ues which give rist> to 
mulignanc\ more nt ten ur mle~s 11me than nurmalussues 
nf 'imilar origin. :\l•uplastit prnj!ression tnmlves the 
:-.cquenuul accumulation ol multiple. apparentlv random. 
hcntahl!' 11lterations [I'll Tht.> terms more lll'Oplas!IC' and 
II'" neuplast ir will lw u~cd tu refer to various premalig-
nunt tissue" represenung diHPrent ~tages of neoplasia. A 
\t'r\ neoplastic premalil(nant !Issue 1s one which. despite 
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1!1'•"'~ r l'nthlnnct• IU n mnh)!tl."llll wmor, l.lrl• 10 exhrllll 
mnhgna01 111\lblllll llu rum pru'Unlnr " u . -L'fi In rel<-r 
1<1 rht• rnrtml furan uf a mop(,, liC' tl "''· tht 1\·pe ulnut 
::n,\\lh dt 1'1\NI lrum the lran;;.plnllll.'(l pnmarv le-JOn It 
i u~unll\ u 1~ n•~•JrlA~Irt lnrm urh u, 11 nrn'~' rh nf clurl!> 
""''h h\JK•rpla IK 1he<1h derrH'fi trom nn \IT\ -tnducffi 
H\:'\ 
\ lJ-.u I• Ot'OJibl•llt' II II (' xhrb11 nt.'Op(a.•tit- hHifr 
pla•lll r•r dHpla rn ,\ rcll '" Ill opJu,llc 111 a morph<•lo:: 
•~·ull\ '"' rmnlu Ul' 1111 has h•·muhl···•ltl.'riltwn_-lhat ll.'ad 
In the C'JII'l'"~•nn (>I rw••J•Ia tiC f: ~'"" '" pmpt·nie~ In 
"''rn' , 11.''<'5 neophr~lh u•ll, JH.'r 1•1 t'<l nncl :.:rt>" 111 
morph<•luglntlh nurmrl tll>.'UI'll 1hruu.:h -eH•ral Iran-· 
plnnlnll<lll J:l'tll'rllll<lll 0\ t•r 11 pcnnclul ,, • ..,.., hefore lhl'lr 
pnll'nll.rl lnr nr~>pln•rn .:ru\\lh \\hll h had h~cn c\ • 
Jll'l'<M·d Ill II (lrt'\lllllh IIIII(' <l)!ollll bt•o·otllll' il(lf)<ITI;'Ilt Ill II 
nunrundnm pall!'rn j:lj. Bt•n•nhhun und Shuhik 11'11 re 
purt!'d 11 "11111inr plwnonwnunnl ' l,ll••nt rumor t'l'll" pt•r· 
s'''llll: 111 morphnlo~:uall\ nurmnl ,krn. l'ht· rerm tumnr 
n•ll·,., lnllfl\ lump ur notlular J:l'n\\lh. \\ht·lhl.'r malr.:n.llll 
ur prt·mnhl!tlllnt 
Titre•• '1\pe, of \ICJmmnn l'ar .. nch\mnl Cell., 
:\cmnnl IIS!illl'S tiiiOJKI~l'<i ol (Bh C3tl. (C 1 
C. tl. nncl (C 1 1HI \\ero• 1udt~d :-.=ormnl ti"ue .. 
t'CJI\,j .. , ul 11 lw .. ic hrnndung ductal ol rucltlrt' with 
nl\'l'(llnr ... I rut lun•;o "upcnmpost:f! on n . Tran,... 
pl.mt .. 111 t•arh ~t·neruttnn• ul nil nl I h~l' I i ..... up~ In 
ei1h1•r pun 1ra111 pr<~<hrct.'<i normnl l!f0\\1h~ ol 
cluu" wuh alq'(cll . l .. tll•r. nllt•r ,{ 7 -erial lran"-
plnnlnl ton' tlunn~: rr pc•nod u l 2 tl Yt':ll':', tht• 
ti ... ut.>s nl Olllt' .uiJimt·" produ~ c·d grm\lh ... ol durh 
\\ 1t h II·\\ ah t1>li 111 Bfl or ( n·t'I Jlll'llb and onh 
smull ah c·nlnr "' rtH tun·' or ohorl dut·t ... with ah Pill i 
in C':ll or 1>:! ho~•, ll .um·l. 'l "ung \led inn t'l al 
(Ill I nunc! 1 hat t ht• t ap;H·lt It'" lor alvcnl<u .mel 
durtnl prolilt•rntion n~t·cl "l' JMralt•h wht•n nnrm.1l 
nHlllllll.lr\ lr .. -.ut·~ \\l'rt' 1 r.m .. plarllt·d .. eriulh in 
t•n\lriHllllt'lll .. \dw·h 1 im ulult' tl main!\ t·il hc·r .11 . 
vt'<llar ur dur1.1l prolih·rat ion 
' "rmnl mumm.tl'\ 1 j, .. ut.>s, hm h dtKh and nl 
\I'Ctll lrt.' t'f'•lllJI<.N:d ••I 2 tu .. tolngrtoll) dill('renl 
t)tx· .... r.cll-: hn,ull' lo utt'<lm\otpilll£'1inltdl-
nnd luminnl qrithtliol tell" :\h -tudi .... "' the 
J!CIInl \ ptcnll\ mn•llll nurmal tr~~u<'"• 1 he nh,.t'n 8· 
lion!- ol Dantt•l l'l nl lltJ, und mv ,liJclie- of 
m>oplo-1 ic rnnrnmun 1 is~-ue .. I ~ee hel(•\\') imht·ale 
that normal rnomnutr\ li,~ue .. are ('ompo,.ed of Ill 
le ,, J •I'JIIImll• pnpulnunn!- nt pnrt.·nch\'mal t•elt-. 
w hid1 n•pn·--c•nt :1 clrlll'rt'llt n•lll \'J>C~ '' nh ,·ommon 
nri~tlll" unlv 111 tlw PUrl\ t•mhnomc· de\elnpmenl ol 
the J!l.md ~hn<' l lllht•lial crib u .. :;ot·iated \\ith 
dut talt•pitheliul n·ll., lt•rm ch111 s, \\ ht•rl'a ... myuepi-
tlwl ialn·ll-. . 1 sm·iall•d \\II h ,, h t'<>lnrt•pit hl·l ial 1 ell., 
lnrm uiH"oli 
In lht n111~.1ic nnrultll tis,ut•s .tltt·r ..,c,eml ... eria l 
1 ran~plnnt gt·rlt'WIHHI,., dtflt·n·n t ial .1gin~ .mel -.t• 
lertrnn n •sullt·d in tht• nlq•nlar l'pltlwliul rells nl 
s11mt· .. uhlrm- ht'llll( m.Hnh 11l on" ,:rnut\ p<: and 
the thtt' lal t•pilhlltnl n•ll., lwrng mainh of the 
other. 'l'ht• "'luclit•-. ol m·uplH,IH' .rht't.•lar epithelial 
cells h£•e rca.;><~;ont 1111\ j;tudies hef,J\\ I indirate that 
t.•pll hdt.tl tt.'lls rt•quin ,, .. o. 1 t1 i1111 ''it h mvnepi· 
rlwlinltt·ll~ It th•" i 1 Itt t t•. 111\ o t•pitln:lial celb 
ol hnth J:Pll<~l\ pe \\Cr<' prt.'Sl'llt tn thl'~e tis .. ue:- in 
-.ullll' ll'lll numher- In permit J:r<.mth m l~•th pure 
!>lr.un:.. Tim . mninh nfq•ulnr grm\lh dl"\t'loped in 
one .. wun 1111d motnh duct" 111 the other. ln otht>r 
.. uhlim•• (lr lh < Nrnw lt ...... ue .... the component 
populnt in11 \\l'rt ul nne ~t•not\ pc ••r tht• o ther .md 
pntdllll'lllllltlllltl gr(t\\lh nl dut'h \\ith .thPnli in 
on~ " lfDIIl unci no ~ro\\th 111 tlw uther. 
Thn•t• 'I\ p~s of .\lam man \ 'eopfo,uz 
'l'ht• :\.~· t·ll I\ pt• ln pot hr "' " 1 !'rnnwrl m.1inh- from 
I ht! .. h~t·r\ .11 ion 1 h tll tll·np[n .. l il· lJ-. .. uc:" t.·an he 
separult•d rntu '\~roup-. nn tlw basts ol thrir g-ro .. ~ 
unci lllll'rtiSliiJIII morpholn~:~·. ri~Slll:'- t•Xhlbited: (II 
al\l•olar 11r .ult•m•rd I FHh. I. :!I t:.!J durtal papil 
Jan I Fi~:s :1 71, or 1 !II ' 'pidt•rmotcl -mc:,..,•nch\ mord 
1 Fii!"· " 1:.!1 difl('rt'llli.u iun I lwlit•\t.' that the-.e :1 
form" nl rll'opln ~tll wsuh !rom tlw nt·up)u .. lic tram .. . 
lurmal ion of niH•ulur. dlll'llll , and rnvoepithelial 
t•ell-. rc •Jiclll\t'l\ . 
/mlm·twn «If mnmm11n ru•upfa,ia. :\I.'Upla~ia ••I 
th(> rn. mmon gland of nuce cnn lw induced '" 
\'Orious I\ Jlt:" ut ~II\', nlmurnwl hormonal ... umu· 
I at ion, on< "I!" nic ch,•mr rl trt at mNil ... or n tom hi· 
n.1t iu11 "' 1 he t' t.r~lor nrul, tn 1 he alhem·e <•I 
"P<'dltt " '" "l!t'llil' IOtl••rs. perhup ... h\ It procl' .... of 
omnllt 1 ('lit.•\ olur ion ! • 1\ pc H:\A 'im'e' rna~ he 
Ill\ uh f'rl 111 1 ht t ran ... turrnnt 11111 of ffi\O{'[lit helinl 
u•lk 
. \l[l'fl{nr nu pl.,,w , \1'1\ " .md I hi' hi\\-\ iru-
lt:nn· lurm ol \1 rv Ill (':1111 Ill ttl· ( \IT\'-Lt l'IIU'-l' 
t lw t rnn,.lormnllnn ol .dnolnr t•prt ht·liul n~ll" and 
till' rl• ... ultin~ lnrm.llronlll tlw nllllllliiO ll\pNplu .... 
lit uh t·oiHr nudult•" Aft hough 1 he-..1! I\\ o t vpe~ nl 
:\IT\ ·'I'JIIIrl'ntl\ translurm tlw saml• t•t•lll\pe and 
1 ht: nH>fJihol"~' ol rIll· rt'!'.llh in!( It',.. ions i~ ..,imrlar. 
tht·•r l11nln~t\ diller~-> ' l'lw typi1·al IIA' mdut·t!d h) 
\lT\' S uri~" eurlt,•r in h it• nnd exhibit a hi~hl'r 
r.tl e ol pmgn~-.ion 111 mnlrgnnnn 1 han do thu~l' 
inrhut•cl h~ :\1'1 \ · I. (151. 
Frt, 1: \\'hnlt• llliiUIII ul du.r • "11h h\'rll·rplastk .rl 
nonl1 mtlun·cl ()\ \IT\ \H A R wrl.'ks uher implantu-
tlnn 111 lllllliUIIIII'cl "\ lll:!' ll!'lt' '11'1(111 host Crnwin!l durrs 
with l'nd hud~ und hvpl'l'pltt-·1 it ah euli [Jt-h l h•a\'e close!\ 
" l'lln·d , lnu , nurlllttl chi~ I whl·n 01.'11plu-.ric cell, are 
dt:~lruH"d h\ •pt·t ''" 1 111111111111~ t rt!(lll t·enll'rl. The 
rounded dark uhtu tR in t•HCh whnlc mountt-d IAI pad arl.' 
I) ml1h nmlt'!i 1'111' d11rk sll'u lures rra\Cn.ln~ the 1111 pad 
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FIC. 2: H & E ~ection of variant ,;ubline of adenoma 
with fibrous stroma (top I derh cd from a line of ducts 
with bvperplasttr alveoli. 28 wceb after implantation. A 
second \'Brtant form (bottom) with or~:nnoid structure of 
extending duct -like unit~ wtth acinar ~uhslrurture has 
arisen from the first \'Briant. t :l()) 
Ftc. 3: Whole mount of CC:3Fl ductal line 19 ~:rowm~: 
in fat pad containing normal host gland, 28 weeks after 
implantation. Branching ductal units extend over normal 
ducts. I :11 
FtC. 4: Whole mount of precur~o r type growth of 
C02Ft. ductal line 15, 5 week~ after implantation. 
Randomly oriented dut·tal units lackin~: alveoli sho\\ 
irregular luminal epithelial hyperplasia. ( 3) 
Ftc. 5: H & E section of line 15 precursor. :30 weeks 
after implantation. l 'mts nearly filled with hyperplastic 
epithelial cells. ( · 63) 
l' , ~ 
.. '' 
... 
FtG. 6: H & E sect ion of variant subline of line 15, 28 
weeks after implantation. Lar~:e units with papillary 
luminal proliferations conform to fa t pad shape. ( • 40) 
Alveolar neoplasia was also induced by MCA 
acting wilh tTV . The resu lting adenoid lesions 
frequently had properties which indicated the 
influence ol hnth oncogenic agents, very-early-aris-
ing a lveolar neoplasms expressing s trong tumor-
spedfi<" type transplantation antigens [3 ]. Simi-
la rly, hormones plus either MT\' or chemical onco-
gens interacted ro transform ah·eolar epithelial 
cells. 
Ductal neoplasia. Rarely, a large area or an 
entire mammary fat pad wa!'. found to he involved 
with an unusual form of ductal hyperplastic tissue 
capable of growing over normal ducts (F'ig. :11. The 
unit structures of the~e tissues varied from ex-
tremelv sma ll to a bnormally large diameter. exhib-
it ed random orientation. and frequently had prom -
inent luminal papillary projections !Figs. ·1. 5, 71. 
The:-.e lines gave rise to variants composed of large. 
papillary units (Figs. 6, 7l. 
I ha,·e isolated 6 lines of the overgrowing ductal 
type and about the same number of ductal lesions 
were observed after fixation but not t ransplanted. 
In contrast. about 100 epidermoid and 50 alveolar 
lesions were established as transplantable lines. l 
have seen duct~! lesions in mice with MTV-S, with 
MTV-L larking MT\'-S, with MTV-L or S after 
MCA treatment. and lacking MT\' after MCA 
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Ftr.. i: H & E seet ion nf mature growth of precur;;or of 
ductal line 22. 56 weeks after tm plantatinn. Thin-walled. 
dilated units have gtven rise to papillun· variant~ capable 
of intraductal extension. r 251 
treatment. The factors responsible ror the trans-
format ion of ductal epithe lial cells are not apparent. 
Epiderm oid-mesench:vmoid neoplasia. Hvper-
plas tic n od ules exhibitin~ epidermoid metaplasta 
occur spontaneoush• la te in life 116] and can he 
induced early in life by chemical unco~en~ II I. H~ 1. 
I found that MC A 1 reat ment mduced epidermoid 
lesions in mice lacking MT\' to the practical 
exclusion of othe r type~. Mice with MT\' .::; or L 
developed both alveolar and e pidermo id lesions 
after MCA treatment. I ha\ e seen on I ~ I fi-
bruadenoma ( Pi~. 11. 12l among about 100 tumor,., 
arising from host tissue 111 to~ tumor st rains and a 
simila r number arising in seriall\' transplanted 
normal tissues with or without chem iC'al oncogen 
treatment. Thi5 tumur arose in seria lly trans-
planted. othe rwise untreated. morphologi<·all~ nor-
mal IC I I 02] mammary tissue. 
Fibroadenomas and the related .. mixed .. tumors 
exhibit both epidermoid and mescnchymoid meta-
plasia 119.:!11]. the latter characterized by the 
formation of tihruus. myxuus. cartilagenuus. or 
os5eous stromal ~ubstances. Evidence from the 
litera l ure indicating that !>Ut'h neoplasm~ im·oh-e 
neoplastic myoepithelial telb is summar ized in the 
di~cussion. The fact that neoplasm" wi th mesen-
chy moid metaplasia frequently also exhib it epider-
moid metaplasia indicates that the epidermoid 
and mesenchymntd neoplasm,. derive f rom the 
same tel l type. 
In teractions of Separate Tvpes IJ{ Cells Durin~ 
Propres.~ion to Malt#nann 
All :~ types o f the early .. p recursor" forms of 
prema lignant t issues gre" in hm;t-~land-frec mam-
mary fat pads hv the extension ot orf{anized 
structures (F igs. I. 4, l:l). Within virtually all of the 
1 ines !it ud ied, ;;equent ial progression to mal ignancv 
was observed. In the original or precursor nut-
growth" of each line. rocal ,·arianu; occurred in ap-
pa rent!,· random la~hiun. frequently appearin!{ as 
FrG. 8: Whole mount of epidermmd lrne. 10 weeks 
after tmplantation. Fine. branching, du<·t-like units lack-
ing promtnelll end bud~ extend slowly and develop rnto 
dense aeinnr 1 i~~>ue. ( 31 
FtG. 9: H & E ~cction of growing area of epidermoid 
line, !) week!' after implantation. Extendtng glandular 
units wtth multilavered epitht>lium produ<·e dense acinar 
clusters 1n which eptdermoid mt>taplasta results in keratin 
pearl formation. r 401 
Fw. 10: H & E ~ecuon of peripherv of outgrowth of 
epidermoid I me, :l~ "eek..~ after implanuniun. Slowly 
extendmg duct ltkl' units have mult ita, ~<red atypil'al 
cells. t 10<1) 
tiny. solid. tnmsl)arent tumor-like nodules. The 
frequency with which they were ob~erved at s mal l 
sizes (I :l mm) indtcated that they were ~rowth­
limited premalignant variants which represented 
intermediate stage~ between the precur~or forms 
and malignant carcinoma;,. Transplantation 
studies have demonstrated thai the different \'ari-
SEPARATF. TYI'F.S OF CELLS IN MAMMARY C:LAND 33 
F1r.. II : II & 1-: !\Crtion ut rno~ait- IC//D:l] h -
broadenorna. Hi Wl'!'ks aht>r 1mplant111 inn in CO:?Fl. 
Epithelial un1t1. art> cumpnserl nf ~pmrlle <'ell~ thai frll\ 
out inlll the lihrnu~ struma t :l.'i) 
F1r.. 12 H & E ~el·Ltun of (' component of mosaic 
fibroadenoma 20 week-. alter implamlltinn in C ho"t 
Glandular elt'menb prudul'L' flhruu~ struma! sultstatwe 
and exhdlll epidermuid nu; t;tplll!\18. c 2'il 
ants seen 111 earh lint' do represent stages in a 
neoplast ic prof(ressiCln sequence. 
Al!'enlar nPnplasra. Precursor l{rowth~ ol lines 
deri\'ed from typiral hvperplastic uhenlar nodule~ 
induced b\' 11'\' or M1Y • MCA appeared 8!-
ba<;icallv normal duct a! st rut·t ures '' tth h\'perpla~ ­
lic ah-eolt superimposrcl on 1 hem I f'il! I) Studies 
demonstrated rhat tissue:- compo!-.t'd ol ((' 1 (';lfj 
or [H6 II C:lfj cells cnnst~t ed of an e,.,enuall \ 
normal gland . i.e .. nf normal tells of all :\ t\pe~. 
with neoplastlt', h\perplnsur·. uh eolar epithelial 
cells supenmpost'rl on 11 Transplanb of these 
tissues to (' or Rll prnclueed grov.ths ut nnrma l 
duct~ w1th ,·ar1able cnpac1ties fnr aht>olar prutller-
ation . The frequent demon!:>tratton of a limitecl 
capacit~ for oh €'olar pro!Jferat ion 111 the!-t' normal 
com ponent:-o ind1cnt cd 1 hnt t hP normal alvf:'olar 
component was small nne! hml limited l{rowth 
potential which tn!l\ hll\'C' re;..ultC'cl from l'ompeti-
tiun with th€' neoplast it· alveolar rei b. Trnn:-plants 
of these ti!-.sues to C:lf ho,.,ts produced h\'pcrpla ... tic 
alveoli w11h no duds or duus ol \'ariable leng-th 
with hyperplasttc <llveoli supertmp<hed on them. 
There was a rel'iprocal relationship heiWeen the 
capacit..- for ductcd Pxten..,ton in the C:H host and in 
the 86 or(' host In ,.,orne sublmes in which the C:H 
component retained good potentml lor extenston. 
the B£1 or C cnmprment wa!'t e\entuallv Jo,t. The!-e 
result~ tndlcatt.> that the du('tal C'<Hnponent tends to 
be of one or tht.> other genotype (ustwlh B6 or Ct 
and that the predominant component tend~ e\·en-
tuall\' to replact> cell,. of the same type of the 
oppo,.,ite genot~pt>. 
Mom vartnnts from the:-e al\'eolar precursor 
tissues appeared to he separahle intn :1 groups. 
Tissues of the first \Oriant group u~uall~ formed 
small li I mmJ. ruunded or nattened nodules in 
situ, hut some larger tumor;.. abo fell into thi, 
categorv. l nitioll~ . transplants nf these tissues 
grew in 1hr ~arne wnv as 1he pre,·ur~or, i.e .. by 1he 
extensiOn of organtzecl ductal strul't ures. Unlike 
the precurl:ior t i,;,.,ues. however, 1 hese 1 issue!>. failed 
to stop growing whl'n they had filled the fat pad. 
The~ ront inued to I{TCJW by uniform intrinsic ex-
pansion. apparent!\' h\ continued formation of 
additional arinar ulvenlnr struC'ture:- between ex-
i!-llng ..,tructure,.,, unttl e\entualh a large rna,!> of 
premalignant tissue "a~ produced. Growths or 
variants of thts J{r<>up ""ere lre~.tuentl~ composed of 
dilated. senetton-11lled untts I Fig. :?l re,emhling 
Lhe akeoli ot the prel·ur-.or and the normal lactat -
ing gland and the\ frequent!-. 1nduced cunsidera-
ble stromal fibrous pmliferatum. These tissue::. 
appear lCI l'orrespond with ,.,ome nt 1 he type C 
tumors of Dunn I:H J. Studie,. indicmed thatu.sues 
of th1s group retamed all the component cell 
populations uf the normal gland. Tran~plants tn BG 
!Jf (' produred normal du('t.._ Wtl h some aln•oli 
whereas transplants to (';lt prudut·ed premalignant 
growth~ \\hirh usualh developed more slowly but 
generally had the !>.ame t•hara('teristit-s as those in 
the FL hd>rid:-. 
A sec·ond group ot \'arian1s from t~·pical precur-
sor line,., of ducts with hvperplllstic ah·euli al:-o 
common!~ arose from thP \ariant~ ot the fir!-i group 
tFig. :!I The~e tt~sues lnrmed larger(;) 1.1 mml, 
dense. red. tumor like masse~. whit·h frequently 
tended tu conform to the shape of the fat pad !Fig. 
:21 When Implanted in host -gland -tree pad::.. the\" 
gre\\ h\ thl' ,.(m\ extension of numerous closeh· 
spared and piled up dutt-like structures. The 
gl'tlwth,. tt>nc!E'd to rontorm to the shape of the fat 
pad hut frequent!\ tailed to fill the entire area. 
TL-.!:iuc-. of this group were usunll\ compn1:1ed nf 
small. tubular or at'inar units" hith lacked secre-
t ion. The\ "·ere general!\ not capable of itl\'ading 
fas!'ia or mu,.,de trig. LH. Some ot them corre-
~Jxmded with tlw type A tumor!- of Dunn [2L ]. 
Tran~plants of thest' tissues tn BG or(' produced no 
growth. whereas transplnnt" to C':lf usually pro-
duced tum(lr:- rcsemhling those in Fl hyhrirls. 
:ume of thesl' tumors, howe,er. and some sublines 
ol the 1 rnn~planted tumors produced no growth 111 
B(i or C Hnd unl.\ ocTnsionnlh poorly di!Tert•ntiated 
malil(nant Jrrowth in C':lt. At lir~t. the~e tumors 
appeared to he of Fl hvhrid ortJ:-in . ~tudi!.'~ using 
rea sm·tat ion techniques tsee he low l indirat e. how-
e\·er. that the\ nre n mo:-nil' of neoplnstic aheol11r 
cells probahh ussnctated \\ ith m\·ocplthclial com-
